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Abstract

Title of Dissertation: Antiparkinson Drug Use and Adherence, and the Impact on
Medicare Part D Enrollees with Parkinson’s disease

Yu-Jung Wei, Doctor of Philosophy, 2012

Dissertation Directed by: Francis B. Palumbo, PhD, JD, Professor, Department of
Pharmaceutical Health Services Research

Study Objectives: To examine the prevalence of and factors associated with
Antiparkinson drug (APD) use and adherence, and the association of APD use and
adherence with healthcare utilization and expenditures in Medicare Pal@enwith
Parkinson’s disease (PNlethods: A retrospective observational study was conducted
using the 2006—2007 Medicare Chronic Care Condition Warehouse data which represents
a 5 percent sample of Medicare beneficiaries. The PD sample wasdekdtt (1) 1
medical claim with an ICD-9 code 332.0 in two consecutive years; and (2) continuous
enrollment in Medicare Parts A, B, and D from 6/1/2006 through 12/31/2007 or date of
death. The total study interval was 579 days. APD use measures included any use,
duration, and adherence (Medication Possession Ratio [MPR]). Factors adsoitlate
APD use measures were examined using modified-Poisson regressions witdliGshe
Estimating Equations. The association of APD use/adherence with utilizaiib
expenditure outcomes was evaluated with negative binomial and gamma Gemesal Li
Models, respectivelyResults 12% of PD patients (n=8,758) did not use any APDs, and
a fourth of APD users had a duration of therapy85 days and an MPR of <0.80.
Patients with cognitive impairment and withl comorbidities were less likely to use
APDs; and if using, they were less likely to possess APDs persistentiggurdrly.

Other factors associated with not using APDs included low-income-subgidyiliyi



and having no neurologist visits. Factors associated with poor adherence included older
age ( 65), non-white ethnicity, and having changes in APD therapy. Longer duration and
higher adherence were associated with a reduced rate of all-cauzseiomilfor acute
(hospital and emergency room [ERY]), chronic (Part A skilled nursingtiafdNF] and

home health agency), and physician care (only for adherence). Simi&@anpatere

found with PD-only and PD-related-comorbidities hospital, ER, and Part A SNF care
Also, significantly reduced total, Part A, and Part B, and increased Rapdhditures

were observed in longer-duration users and in higher adh€@aslusiorn Significant
reduction in healthcare utilization and expenditures could be achieved by improved

duration of use and adherence to APDs.
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1. OVERVIEW
1.1. Introduction

Parkinson’s disease (PD), characterized by tremor, rigidity, and bradgkiisethe
second most common neurodegenerative disorder after Alzheimer’s disdasé&/mted
States (U.S.J.? This disease predominantly affects the aged population, as the
prevalence and incidence of PD increase with age and rise rapidly atgetbé60® *
Currently around one million people live with PD in the U.%nd the number is
expected to double in the next 15 to 20 years as the baby boomérsnagdition, the
economic burden of PD is estimated at $23 billion in 2002 and is expected to increase
accordingly’

While there is no treatment to cure PD, or proven treatments to slow down its
progression, the motor symptoms of PD can be well-controlled with antiparkinson drugs
(APDs). Six major classes of APDs commonly used in PD treatment are dopamine
precursors (e.g., levodopa), dopamine agonists (DAs), monoamine oxidase B (MAO-B)
inhibitors, catechol-O-methyltransferase (COMT) inhibitors, amantadike, a
anticholinergic agents? For early-stage PD patients, dopamine precursors represent the
most efficacious class of APDs, although their long-term use can mresoliiplications
including motor fluctuations and dyskine&i.Other APDs, including DAs, MAO-B
inhibitors, amantadine, and anticholinergics, are also used for patients with newly
diagnosed PD, but they are less effective than levodopa for treating motor sgmptom
With increasing PD severity, a combination of levodopa with other classe3lxd &
recommended to ameliorate PD symptoms and reduce levodopa-induced

complications> ** At the very advanced stage of PD, however, use of a single APD is



likely due to the increasing intolerance of the agents. Overall, the tré¢atmese for PD
is highly individualized due to differences in patients’ manifested motor symptoms
disease progression, tolerance to APDs, and occurrence of non-motor syrfptdms
Although APDs have been the mainstay of treatment for the managementf PD,
evidence regarding patients’ use and adherence to APDs is limited.t&dies sising
Systematic Assessment of Geriatric drug use via Epidemiology (PAGEMedicare
Current Beneficiary Survey (MCBS) data have suggested that a subbgteoyi@tion
(42-44%) of aged Medicare beneficiaries with PD do not take any APB# addition,
studies using managed care administrative claims data have shown thatabsthirds
(61-67%) of aged Parkinson patients do not adhere to their medication rediméns.
However, these studies exhibit several drawbacks that limit their appticabi
First, many previous studies may not accurately identify PD casegiddreified PD
patients with self-reported diagnd$is®and/or a broad range of ICD-9 codes for PB°
approaches that might have included non-PD cases that did not require APDriteatme
Consequently, these studies might have overestimated the percentaafesnts pither
not using any APD or being non-adherent. Second, the prevalence of APD use denerate
from SAGE and MCBS data might be underestimated, as drug usage in theses datas
were reported by nursing home staff or participants during a limited olisarwanhdow
(e.g., 7-day drug use preceding assessment in SKGE&Third, APD use from previous
studies using data before 2004 may not reflect current drug utilization as a number of
new APDs have appeared in the U.S. market after 2004. These new APD drugs include
two DAs (Neupro® and Apokyn®), three MAO-B inhibitors (Zalapar®, Emsam®, and

Azilect®), and a combination drug (Stalevo®). Finally, results from prior two



population-based studies focusing on APD adherence had limited generajizabilit
because they included only managed care patients witfi' Pin addition to these
drawbacks, another important issue is that not using or being non-adherent to APDs may
be associated with higher healthcare resource utilization. Nevertheidssce of the
association of APD use and adherence with healthcare utilization and expeEndit

among Parkinson patients is very limited, with only one study reported in thauliegfa

1.2. Objectives

The objectives of this study are (1) to examine APD use and adherencg) tand (
estimate the association of APD use and adherence with healthcaraatilarat
expenditures among Medicare beneficiaries with PD. To improve on the drawbacks of
previous studies mentioned earlier, we use a rigorous definition of PD in which each PD
case is required to have at least one medical claim with a ICD-9-code of 382 <R
agitans) in two consecutive years. This approach ensures that PD patierfisdadenti
this study are likely to be true cases. Additionally, we measure APD dsedharence
by using more recent Medicare administrative claims data from 2006 and 2@Ge. T
claims data are contained in the Centers for Medicare and Medicaid S¢CAMS}
Chronic Condition Data Warehouse (CCW) with a random 5% sample of Medicare
beneficiaries (approximately 2.5 million per year).

This study is expected to address the knowledge gaps on the current patterns of
APD use and adherence, and the economic impact of use and adherence to APDs among
Medicare beneficiaries with PD. Results from this research will gegvopulation-

based estimates of the prevalence of APD use and adherence, and contribute to the



development of a better understanding of potential factors associated wathduse
adherence to APDs. These findings may help the design of interventions to enhBnce AP
use. Furthermore, our study will allow us to understand how medication use and
adherence to APD regimens are associated with healthcare utilizadi@x@enditures.

This understanding will highlight the importance of optimizing medication use and

adherence, while reducing medical expenditures of Medicare bene8cia

1.3. Major aims and hypotheses

This research has three specific aims. Aim 1 describes the profiles of ARDdis
adherence; Aim 2 examines factors associated with use of and adherairdast and
Aim 3 investigates the association of APD use and adherence with heaittiizagon
and expenditures. We detail these three aims along with their research quastions

hypotheses as follows:

Aim 1: To describe antiparkinson drug (APD) use and adherence amgnMedicare
Parkinson’s patients continuously enrolled in Part D stand-alone pre&siption drug
plans (PDPs) from June 1, 2006 throughout December 31, 2007 or the date of death.
Three specific questions in Aim 1 are:
Q1.1 What is the proportion of PD patients receiving prescriptions of APDs during the
19-month study period (6/1/2006-12/31/2007)7?
The 19-month study period is chosen to observe prescription drug data for patients
enrolled in PDPs prior to 1/1/2006 (i.e., early enrollees) and as late as 5/15/2006

(i.e., late enrollees).



Q1.2: Over the 19-month study period, how many days are PD patients treated With AP
therapy (i.e., duration of APD therapy)?

Q1.3: What is the level of patients’ adherence to APDs used during the study period?
In addition to these three specific questions regarding APD use and adherence, w

will also measure three secondary APD use measures: trends in APDs, ARpbtidns

(defined as a continuous gap 080 days without APD use), and switching and

augmentation of APDs.

Aim 2: To examine factors associated with APD use and adherence among Mexle
Parkinson’s patients continuously enrolled in PDPs from June 1, 2006 throught
December 31, 2007 or the date of death.

Three specific questions and corresponding hypotheses in Aim 2 are:

Q 2.1: Among the Medicare PDP enrollees with PD, what factors are asdogitt any
use of APDs?

H 2.1: PD patients who are younger, are white, are low-income subsidy [igiBlee are
early enrollees, have neurologist visits, have no cognitive impairment, have no
depression, have a lower number of comorbidities, have a lower number of non-
PD drugs, have a higher use of preventive services, and stay in long-term care

(LTC) facilities are more likely to use APDs.

Q 2.2: Among the Medicare PDP enrollees with PD, what factors are assodtatad w

long duration of APD therapy?



H 2.2: PD patients who are younger, are white, are LIS eligible, areepaidyees, have
neurologist visits, have no cognitive impairment, have no depression, have a lower
number of comorbidities, have a lower number of PD and non-PD drugs, have a
lower number of changes in APD therapy, have a higher use of preventive
services, and stay in LTC facilities are more likely to have longer duratiaR Df

therapy.

Q 2.3: Among the Medicare PDP enrollees with PD, what factors are asdouidie
high adherence to APDs?

H 2.3: PD patients who are younger, are white, are LIS eligible, areezadiees, have
neurologist visits, have no cognitive impairment, have no depression, have a lower
number of comorbidities, have a lower number of changes in APD therapy, have a
lower number of PD drugs and non-PD drugs, have a higher use of preventive
services, and stay in LTC facilities are more likely to have higher autete

APDs.

Aim 3: To investigate the association of APD use and adherence with hialare
utilization and expenditures among Medicare PDP enrollees with Pafter
adjustment for patient’'s demographics (age, gender, race, and residency)hether
seen by neurologists, LIS status, early/late enrollment, medical conidihs
(comorbidities, depression, and cognitive function), medication-rated
characteristics (drug burden and changes in APD therapy), LTC stay, health
promoting behavior (use of preventive services), and healthcare utilizaim at

baseline (1/1/2006-5/31/2006).



Three specific questions and corresponding hypotheses in Aim 3 are:

Q3.1: Among the Medicare PDP enrollees with PD, is use of APDs associated with
healthcare utilization and expenditures?

H 3.1.1: Compared to no use by patients with PD diagnosis, any use of ADPs is
associated with lower hospitalizations, emergency room (ER) visitsAR&illed
nursing facility (SNF) episodes, and home health agency (HHA) episodes, but
higher office-based physician visits, after controlling for covariates.

H3.1.2: Compared to no use by patients with PD diagnosis, any use of APDs is associated
with lower total expenditures, Part A expenditures, and Part B expenditures, but

higher Part D expenditures, after controlling for covariates.

Q 3.2: Among the Medicare PDP enrollees with PD, is duration of APD therapy
associated with healthcare utilization and expenditures?

H 3.2.1: Compared to PD patients with a short duration of APD therapy, PD patients with
a long duration of APD therapy have lower hospitalizations, ER visits, PartFA SN
episodes, and HHA episodes, but higher office-based physician visits, after
controlling for covariates.

H 3.2.2: Compared to PD patients with a short duration of APD therapy, PD patients with
a long duration of APD therapy have lower total expenditures, Part A
expenditures, and Part B expenditures, but higher Part D expenditures, after

controlling for covariates.



Q 3.3: Among the Medicare PDP enrollees with PD, is adherence to APDs &skociat
with healthcare utilization and expenditures?

H3.3.1: Compared to PD patients with low adherence to APDs, PD patients with high
adherence have lower hospitalizations, ER visits, Part A SNF episodadHA
episodes, but higher office-based physician visits, after controlling for atesri

H 3.3.2: Compared to PD patients with low adherence to APDs, PD patients with high
adherence have lower total expenditures, Part A expenditures, and Part B

expenditures, but higher Part D expenditures, after controlling for covariates



2. BACKGROUND

This chapter provides an overview of Parkinson’s disease (PD) with regésd to i
clinical mechanism and symptoms, diagnosis, epidemiology, and disease burden. As
well, we present information on pharmacological treatments for PD aiedvrbterature

on APD use and adherence among PD patients.

2.1. Parkinson’s disease (PD)
2.1.1. Pathophysiology and clinical symptoms of PD

Parkinson’s disease (PD) is a neurodegenerative disorder characterized
pathologically by the loss of dopaminergic neurons in the substantia nigra, atpart of
basal ganglia located in the midbrain regi@®ince dopaminergic neurons in the
substantia nigra play an important role in controlling movement , the disruption of
dopaminergic neurotransmission causes motor dysfuntfldme etiology of PD
remains unclear. Possible risk factors contributing to PD include gengjitg, a
environmental toxin exposure, rapid eye movement, and sleep diSortmrever, some
factors seem to have protective effects on PD. Caffeine has been asseitiatetbwer
risk for PD according to two large prospective cohort stdidii@and a recent meta-
analysis?* The use of estrogen replacement therapy among postmenopausal women
appears to be associated with a reduced risk of PD, according to a casestoujola
retrospective chart reviéwy and one cross-sectional stétjylthough this finding was
not supported by other two case-control studies and one cohorf3tiéoreover,
recent data from the Mayo Clinical Cohort of Oophorectomy and Aging stdobated

that women with unilateral or bilateral ovariectomy before their menopaudesha



increased risk of parkinsonism than did women without such surgical procéttihes.
authors of this study suggested that use of estrogen, a major hormone produced by
ovaries, might have a beneficial effect agains®Bnother possible protective factor of
PD is cigarette smoking according to two meta-analysis stéfifésut its mechanism is
not clearly understood.

Clinical symptoms of PD include motor and non-motor features. Primary motor
symptoms include tremor, rigidity, and bradykine'sfa Tremor tends to occur on one
side of body and presents at rest. Rigidity is stiffness or resistanassiogpmovement
of an arm or leg. Bradykinesia, or slowness in voluntary movement, is often the most
disabling motor feature because it slows mobility and impairs activitidailyfliving
(ADLs) for PD patients. Generally, when patients are diagnosed with PBhiothef
them have only tremor symptoms, another third have both bradykinesia and rigidity, and
few have a combination of the three motor sympt&h@ther motor features such as
postural instability (poor balance), micrographia (small handwriting), Hhyoap (soft,
muffled speech) may develop with tiffein general, those motor symptoms become
more severe as disease progresses, and this can limit patients’ daibnuacod cause a
poor quality of life>*

Major non-motor symptoms that PD patients may experience include dementia
depression, and psychosdtsAccording to recent systematic review articles, the
prevalence of PD patients living with dementia, depression, and psychosis framge4
to 31 percerif, 30 to 40 perceft>® and 20 to 24 percéfit* respectively. This
variation in range is likely attributed to substantial differences inysgtachples, PD

definitions, and measurement tools of the diseases. Other non-motor symptoms include
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falling, sleep disorders, and autonomic dysfunction (e.g., orthostatic hypotension),
psychiatric symptoms (e.g., impulse control disorders), gastrointestmat@ys,

sensory symptoms, and others (e.g., fatijué)e presence of these non-motor features
is significantly associated with patients’ age of disease onset, ptawgxisgnitive

conditions, and duration of PB.

2.1.2.Diagnosis

The diagnosis of PD is challenging because symptoms of PD frequently overlap
with motor symptoms of other neurodegenerative disordess.example is that tremor
and rigidity are two major motor symptoms of PD, but are also often seen amamgspati
with dementia with Lewy bodies, a type of dementia in which cognitive imeair
usually precedes parkinsonigffrailing to distinguish these specific symptoms between
PD and other disorders can lead to a potential misdiagnosis of PD. Severalistudies
United Kingdom and European countries found that 15 to 54 percent of non-PD patients
are mistakenly diagnosed as having . The accuracy of PD diagnosis varies among
medical specialties, with a much higher misdiagnosis rate found@physicians not
specialized in movement disorders than among movement disorder éxperts.

To improve the sensitivity and specificity of diagnosis, the American Acgpad
Neurology (AAN) recommends a clinical practice guideline for Pagosis. This
guideline suggests that the evidence of PD diagnosis is weak if patients pridsent
several of the following signs and symptoms: (1) experiencing falls in tlyedesgase
course, (2) poor responses to levodopa, (3) symmetry of motor signs at onset, (4) rapid

progression, (5) lack of tremor, and (6) early autonomic dysfunction (e.g., urinary

11



urgency/incontinence). Other diagnostic tools, such as MRI, sonography, or autonomic
testing, are not recommended because evidence on the diagnostic acctivesy te#sts
is insufficient®® However, these diagnostic tools are often helpful to make alternative
diagnoses.

Several observational studies have attempted to identify PD cases in &rdibneis
claims data to examine patients’ medication or healthcare utilization poplation
level ™ 17479 These studies often detected PD patients based on a ICD-9 code of 332.0
(Paralysis agitans), along with one or more of the following codes: 332.1(Seconda
Parkinsonism), 333.0 (Other degenerative diseases of the basal ganglia), and 333.1
(Essential tremor)However, using these codes jointly may be problematic because codes
332.1, 333.0 and 333.1 are typically used for diseases other thac&®ding to the
ICD-9 coding definitions332.1 is used for patients with parkinsonism induced by drugs
(such as haloperidol, a first-generation antipsychotic d88§.0 is for atypical
parkinsonian syndromes (includingultiple system atrophyrogressive supranuclear
palsy, corticobasal syndromand Lewy body dementia). Code 333.1 is used for essential
tremor and has shown a low positive predictive value (19.5%) in identifying PD°€ases.
Since these three codes (332.1, 333.0, and 333.1) are not specific to PD, using them
together with 332.0 (paralysis agitans; a code for PD) is likely to iesaifioor accuracy
for detecting true PD cases. One study using these four codes jointly to igkEhiify
Veterans Health Administratiarlaims data showed an unsatisfactory sensitivity of
18.7% (vs. evidence of physician diagnosis plus 2 of the dtirdeal symptoms—tremor,
rigidity, and bradykinesje’® Thus, it is preferable not to use the codes of 332.1, 333.0,

and 333.1 in identifying PD. Instead, using the 332.0 code solely is likely to provide
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sufficient sensitivity as this code is generally considered for PD. In wdy,q4b optimize
the accuracy of PD identification, we will use an algorithm proposedrbynski and
Chengthat requires patients to receive two or more claims coded in 332.0 for any
medical services (e.g., inpatient or outpatient). Such an algorithm has shodegaate

sensitivity of 89.2% in detecting true PD cases, compared to medical chewt.7e

2.1.3.Epidemiology

PD is the second most common neurodegenerative disorder after Alzheimer’s
disease in the U.5.The overall prevalence of PD is estimated as high as 329 cases per
100,000 people (approximately 1 million people in the 8.8nd the incidence is
estimated to be 12 cases per 100,000 people anfilBoif prevalence and incidence
increase with age and rise rapidly after the age of 60. The prevalencedadreas1.19
% among people aged 65 to 74 years to 3.27 % among those aged 850t Sivaitarly,
the incidence rises from a range of 0.5 to 9.8 per 100,000 person-years among people
aged 30 to 59 years to a range of 38.8 to 119 per 100,000 person-years among people
aged 60 to 89 yeafsThus, PD most likely affects the aged population and the number of
people with PD is expected to double in the next 15 to 20 years as the baby boorhers age.
In addition to age, incidence of PD varies by gender and race. Men have twice the
incidence rate of PD as women (19.9 vs. 9.9 per 100,000 person-years). Hispanics have
the highest age- and gender-adjusted incidence rate of PD (16.6 per 100,000 person-
years), followed by non-Hispanic Whites (13.6 per 100,000 person-years), Asians (11.3

per 100,000 person-years), and Blacks (10.2 per 100,000 person?years).
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2.1.4.Disease burden

The financial burden of PD is significant. A U.S. study estimated the totabfcost
PD to the nation was $23 billion in 2002D beneficiaries spent on average $7,710 more
every year on healthcare than non-PD beneficiaries after adjustirgcfodemographic
characteristics and comorbidities, according to 1999 to 2002 Medicare Current
Beneficiary Survey datd.In addition, the debilitating effect of PD is reflected by
increased mortality over time compared with the general population. Standardize
mortality ratios of patients with PD are 0.6 (95% CI: 0.4-1.0) by 5 years, 0.9 (95% CI:
0.7-1.2) by 10 years, 1.2 (95% CI 1.0-1.4) by 15 years, and 1.3 (95% CI 1.1-1.5) by 20 to
30 years?® Likewise, PD patients’ families and caregivers suffer from the burden of
caring for their loved ones. Caregivers report having mental stress (e rying@bout
individual's safety) and physical stress (e.qg., lifting individual into Bethese stresses

may consequently lead to a lower quality of life for caregivers.

2.2. Pharmacological Therapy for PD

While there is no treatment to cure PD, or proven treatments to slow down its
progression, the motor symptoms of PD can be well controlled with antiparkinson drugs
(APDs). Six major classes of APDs commonly used in PD treatment are depami
precursors (e.g., levodopa), dopamine agonists (DAs), monoamine oxidase B (MAO-B)
inhibitors, catechol-O-methyltransferase (COMT) inhibitors, amantadiake, a
anticholinergic agents (Table 2.1, located at the end of this ch&iptém)this section, we

provide an overview of APDs and clinical guideline for the use of APDs.
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2.2.1. Antiparkinson drugs
(1) Dopamine precursors

A dopamine precursor alleviates PD motor symptoms by indirectly increasing
dopamine levels through converting itself into dopamine after crossing thelirfaiod
barrier. Within the dopamine precursor drug class, Levodopa (L-dopa) is the most
commonly used drug. In practice, L-dopa is often administered in combination with
carbidopa, a peripherally acting inhibitor of aromatic L-amino acid dexgds®e to
prevent the breakdown of L-dopa during its converting prot&sehese levodopa-
carbidopa combination therapies are branded as Sinemet®, Sinemet CR® capa®ar
in the U.S. market. Additionally, carbidopa-levodopa can be used with COMT inhibitors
to decrease the occurrence of side effects. A combination agent of carbidopa-levodopa
with entacapone (Stalevo®) is also available to treat PD.

The biggest concern of L-dopa therapy is the development of motor complications
after long-term use> Approximately 40 % of PD patients develop motor complications
after using L-dopa for 4 to 6 years and more than 50% do so after 6-yé&Omseof the
common motor complications is fluctuation where patients switch from mobility (on
status) to parkinsonian state (off status). This on-off switch is assowititetthe effect
of L-dopa wearing off after each given dose. Another complication is dyskénekere
patients experience excessive and abnormal involuntary movements. Dysloftesias
occurs during the peak effect of a dose of L-ddg@ther common side effects of L-dopa

include nausea, vomiting, and psychiatric side effects (e.g., confusion and psythosi

57
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(2) Dopamine agonists

Dopamine agonists (DAs) directly stimulate dopamine receptors to reduce PD
motor symptom&:2° DAs are classified as ergoline derived or nonergoline. Two ergoline
derived DAs are Bromocriptine (Parlodel®) and Pergolide (Permaxi@)bath are oral
medications. Four nonergoline DAs marketed in the U.S. include pramipexole
(Mirapex®), ropinirole (Requiep®), apomorphine (Apokyn®), and rotigotine (Neupro®)
Rotigotine delivered in patch form was approved in May 2007, but was recalled due to a
problem in delivery mechanism and then was unavailable after April>3008.

The most common side effects of DAs are psychiatric effects (e.g., aamfusi
hallucinations, and psychosis), sleep dysfunction (e.g., somnolence), autonomic
dysfunction (e.g., orthostatic hypotension), and leg swelling. Those sides effedhe
common reasons for patients discontinuing DAs$n addition, recent studies reported
that patients with DAs likely experience impulsive (e.g., alcoholism) and ceimeul
behavior syndromes (e.g., excessive gambRmg)A rare but serious adverse effect,
cardiac valve problem, has been proven to be associated with ergo-derivethi3As.

concern led to Pergolide withdrawal from the U.S. market on March 29,°2007.

(3) Monoamine oxidase B inhibitors

Monoamine oxidase B (MAO-B) inhibitors are characterized as dopamine
enhancers. Its mechanism of action is to prolong the availability of dopamiteitetiee
brain®*° Two MAO-B inhibitors used to treat PD include selegiline (Eldepryl®,
Zelapar®, and Emsam®) and rasagiline (Azilect®). MAO-B inhibitors have bee

suggested to have neuroprotective effects, yet the evidence is not convauardjreg to
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the American Academy of NeurolodyMAO-B inhibitors develop relatively minor side
effects including headache, dizziness, and natiS@ae recent study suggests that,
similar to dopaminergic agents (i.e., dopamine precursors and dopamine agoni€s), MA

B inhibitors may be associated with gambling and impulse control symftoms.

(4) Catechol-O-methyl transferase inhibitors

Catechol-O-methyl transferase (COMT) inhibitors, like MAO-B inhibitaire
dopamine enhancers. Its mechanism of action is to prolong the amount of levodopa in the
periphery before levodopa enters to the brain. The sustained level of levodopa induced by
COMT inhibitors resultsn greater levodopa bioavailability in the brain, leading to
greater effects on controlling Piymptoms *° Drugs in the COMT class include
entacapone (Comtan®) and tolcapone (Tasmar®). COMT inhibitors are usually
administered with L-dopa for PD patients with motor complicatfofig.hus, most
COMT-inhibitor-induced adverse effects are consistent with increasiegpa
exposure.” Those adverse effects include nausea, dizziness, and hallucinations. In
addition, the use of tolcapone may cause liver failure. Although the actual risk is ver

low, the probability of developing serious morbidity increases if the drug is codfififie

(5) Anticholinergic agents
The mechanism of action of anticholinergic agents in PD is not clear. Assthefl
dopaminergic neurons in PD may cause an imbalance between dopaminergic and
cholinergic activity, anticholinergics have been suggested to correanthagance by

decreasing cholinergic activity. Accordingly, anticholinergic thgfags shown benefits
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in reducing tremo?:*° Drugs used to treat PD in this class include benztropine
(Cogentin®), Biperiden (Akinet@), trihexyphenidyl (Artane®), and Procyclidine
(Kemadrin®). Adverse effects of anticholinergics include peripheral @nable.g., dry
mouth and constipation) and mental (e.g., confusion and hallucinations) symiptoms.
Aged PD patients are more susceptible to these mental effects becausepobpéensity

of developing cognitive disorders in the advanced age popuf&tfon.

(6) Amantadine
The mechanism of amantadine for PD treatment is not entirely understood. It
may work by increasing dopamine through releasing brain dopamine from nerve
endings® ® Amantadine (Symmetrel®) is the only drug in this class. One common
adverse effect of amantadine is neuropsychiatric efféé&s.amantadine has some
anticholinergic properties, patients concomitantly receiving those twesABOId

experience serious psychiatric symptdhfs.

2.2.2. Clinical practice guideline for APD use

The American Academy of Neurology (AAN) published the first U.S. clinica
guideline on drug treatment of PD in 1993ince then, many new drugs (e.g., non-ergot
DA) have been developed, studied, and approved in the U.S. market. In 2002 and 2006,
AAN reexamined the efficacy and safety of antiparkinson agents and provided evidence
based clinical practice guidelines for the management afBH* ®“The following
discusses drug treatment recommended by current AAN guidelines fmtpai

different stages of PD.
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(1) Treatment in early stage patients

In the first 3-5 years of PD, which is also called the “honeymoon period”, PD
patients usually can restore their daily functions by taking APDs. In@epesferred
first-line treatments in the early stage are L-dopa and DAs, with thefdreing
suggested for elderly patients (> 60 years old) and the latter being teugfges/oung
patients:® The reason is that L-dopa is the most efficacious APD and may be appropriate
for older patients because of better tolerability. However, long-term usdaga can
induce serious motor complications. Initiating DAs, rather than L-dopa, for young
patients who tend to have milder PD symptoms is an alternative strategy th.-adielpst
induced complication$.? Nevertheless, the key issue in choosing the right treatment is
the level of PD severity and motor dysfunction. If patients present witheseeor
symptoms at the time of diagnosis, L-dopa is preferable since it is suddstanore
efficacious than any other APBS.

In addition to L-dopa and DAs, three APDs are used as second-line treatonents f
early-stage PD patients. MAO-B inhibitors are suggested as ahtir@aement for PD
patients whose cognitive function remains intd@nticholinergics are recommended for
patients with predominant tremor, but are avoided for patients older than 70 yedug ol
to neuropsychiatric side effects. As well, amantadine is used as monotharpptidnts
with mild PD symptoms, although its effect is relatively moderate compaur@tther
classes of APDS.?

An ongoing debate has been raised as to when to begin drug treatment in PD patients

during the early stage of the dise&St a U.K. longitudinal prospective cohort study,
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Grosset et al. found that patients treated (vs. untreated) in the course of dasie tiad
significantly better self-reported health status (measured by 39-aétmBon’s Disease
Questionnaire, PDQ-39) during an average of 18 months follo%-Tipe study
suggested that initiating APDs at the time of disease diagnosis may lhereegre
approach to managing PD. Countering to this finding, another U.K. study with arsimila
design by Asimakopoulos et al. found no difference in the patient-reported outcome
(PDQ-39) between the treated and untreated patients during a 2-year followeald beri
Further, this study found that the treated patients (vs. the untreated) had mgprsetor
function (measured by United Parkinson’s Disease Rating Scale, UPDRS). fitwes aut
reasoned that the early use of APDs might not necessarily improve gaiigocbmes,
because these drugs generally come with side effects (cognitive ahthpsyc
dysfunction or motor complications). Thus, the authors concluded thaiadnd-watch”
strategy (i.e., not on APDs until motor symptoms are pronounced) is considered as a
credible approach for a newly-diagnosed PD patient. A large-scale ctimat# needed

in order to solve this debate.

Despite the uncertainty in timing of treatment initiation, one study compared the
thresholds for initiating dopaminergic treatment among drug-naive PDisatiewo
multicenter clinical studies [Deprenyl and Tocopherol Antioxidative Theohp
Parkinsonism (DATATOP) and Parkinson Research Examination of CEP-1347 Trial
(PRECEPT)F® The results indicated that within 1 year after the diagnosis of PD, 40% of
previously untreated patients eventually needed APD therapy, and this percentage

increased to 75% at 2 years from diagnosis.
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(2) Treatment in advanced stage patients

After 5 years of living with PD, patients’ daily activities become mostricted.
During this stage, more than one APD is usually required to control PD symptoms or
motor complication§? Generally, L-dopa in combination with other classes of APDs is
recommended to alleviate PD symptoms, except for older patients who addesst of
multiple drug regimens. For patients who develop dyskinesia, amantadinedisrant a
therapy with L-dopa is suggested. For those with fluctuations, a combinationytbérap
L-dopa and DAs, COMT inhibitors or MAO-B inhibitors is considered. The combination
with Sinemet CR® and Parlodel® is not suggested by the AAN guideline becatese th
is insufficient clinical evidence to support such use in patients with motor fluootsati
However, those clinical studies have important limitations on study design apkksam
sizes. Additional studies may be needed to investigate the efficacyadrtii@nation of
these two drugs.

After approximately 15 to 20 years of PD, motor symptoms tend to become
severe. Patients in end-stage disease are usually incapacitated and ofteresjmonatto
drug therapy. In addition, they are likely to develop non-motor symptoms. Subsequently,
the choices of APDs largely depend on whether they can minimize non-motobgssnpt
while maintaining motor functions. In this very advanced stage, patients ray et
using a single APD agent, rather multiple drugs. Overall, drug treatmestfplaPD are
very individualized and depend on the patient’s onset age, disease progression, the

severity of motor symptoms, and the presence of non-motor symptoms.
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(3) Change in APD treatment

Changes in drug regimens are common and necessary in the management of PD.
Both clinical and non-clinical factors can contribute to treatment cha@tjesal factors
related to regimen change include disease progression, drug adverse affee¢the wide
array of motor and non-motor featur8s’’ ® Non-clinical factors including drug cost,
change in guideline (e.g., drug withdrawal), and patients’ preferengals@influence
changes in drug treatment for PbCommon alterations are dose titration, change in
dose frequency, drug switching, and drug augmentafi6h.

For example, if a patient experiences intolerable side effects from anakP
option of drug switching may be considered. The pattern of switching could occur such
that the previous old APD is titrated down and eventually discontinued, while in parallel
a new APD treatment is prescribed. It is also possible that the old drug is abruptly
switched to a different APD without any titration schedl®n the other hand,
augmentation of APDs mostly occurs in the moderate-advanced stages of RDth&/he
previously prescribed APDs are ineffective in improving motor symptoms or
complications, adding an additional an APD agent to the previous regimen may be an
option to provide beneficial effects for the symptofis .

As stated before, since PD patients in the early stage are likely tot heorefi
drug treatment, regimen changes in this “honeymoon period” may be less frequent. In
fact, a study showed that only 16.8% of newly-diagnosed PD patients either add lor switc
drugs after their initial APD regimei$On the contrary, patients in the advanced stage
tend to experience frequent regimen changes and complicated treatment maialtheéue

emergence of motor complications (fluctuations and dyskinesia) and the pretence
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advanced symptoms (autonomic symptoms or cognitive changes) that do not respond to

dopaminergic agents.

2.3.Patients’ use of APDs
In this section, we review previous studies pertaining to APD use and its

associated factors, and discuss the limitations of these studies.

2.3.1.APD use in practice settings
(1) Prevalence of APD use

Although drug therapy is the mainstream of PD management, only two studies have
focused on the prevalence of APD use at the population level. An earlier study using
Systematic Assessment of Geriatric drug use via Epidemiology (pA&&set showed
that the prevalence of APD use was low (44%) among PD patients aged 65 or older
(n=24,402) living in Medicare- or Medicaid-certified nursing homes in fivestabm
1992 to 19967 In addition, one recent analysis using 2000-2003 Medicare Current
Beneficiary Survey (MCBS) data found that the percentage of patients ngtaunsi
APD was 42% among beneficiaries aged 65 or older who had PD diagnoses in medical
claims or had ever been told by health providers that they hdd PD.

These high percentagesPD patients not using APDs could be explained by two
reasons: (1) inaccuracy of PD identification, and (2) lack of effectigesfe&PDs. First,
thestudy using MCBS datasets identified PD cases through either sett-ségtus or a
broad range of ICD-9-CM diagnosis codes (332.0, 332.1, and 333.0). Because codes

332.1 and 333.0 have a poor sensitivity and self-report PD status is generally ednsider
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as a less reliable method in detecting PD cases, using these two sbulatasis likely

to include false-positive (non-PD) cases. Consequently, among 42% of patients without
any APD use indicated in MCBS data, some of them might not actually have Risand
percentage was likely overestimated. As to the study using SAGE datantiver of

false positive cases might be relatively smaller than that in the MCRSheetause PD
cases were identified from clinical diagnosis (physician judgment pldgateecords,
including physical examination and hospital discharge). On the other hand, Ridspatie
may not use APDs because they do not benefit from the medications as afresult

ineffectiveness or intolerance of the drugs.

(2) Patterns of APD use

In terms of type and class of APD use, both European and U.S. studies show that
L-dopa is the most commonly used drug treatment for PD. In Europe, a crosaaecti
survey and several cohort studies between 1995 and 1999 reported 84% to 98% of PD
patients using L-dop¥: ®*"*In the U.S., in contrast, studies showed mixed estimates in
L-dopa use (ranging from 23% to 75%), which might be due to the differences in time
periods and populations studied (e.g., whether PD patients are chronic or newly-
diagnosed). Lapane, et al. reported that among chronic PD patients in Medlicare-
Medicaid-certified nursing homes from 1992 to 1996, the most used PD therapy was
dopamine agonists (33%), followed by L-dopa combinations (23%), selegiline (9%), and
anticholinergic agents (8%j. Conversely, Huse, et al. found 62% of newly-diagnosed
PD patients received L-dopa as initial therapy in data from emplpypeisered health

plans (1999-2001) and Medicaid (1999 -208Yloreover, Swarztrauber, et al. found

24



that 75% of veterans at the early-stage of PD used L-dopa as a firseditreeént during
1998 to 20042 These studies in the U.S. suggest that L-dopa is commonly used among

newly-diagnosed PD patients.

(3) APD switching and augmentation

Although changes in APD regimen are common in PD patients, data regarding the
rate and patterns of APD switching and augmentation are very limited o@alstudy
has examined changes in PD drug therapy among newly-diagnosed PD patients wi
employer-sponsored health plans from 1999 to 2001 and Medicaid from 1999 5 2000.
This study showed that 16.8% had regimen changes, including switching or adding PD
therapy to their initial APD regimes. Among those with change(s) inghgetiae
majority (84%) experienced augmentation of APDs, whereas the rest ($pétleaced
switching of APDs. L-dopa used as initial treatment had the lowest ratengfdveitched

and/or replaced, suggesting that it is the most effective APD for ingetiient of PD.

2.3.2.Factors associated with APD use
Few studies have focused on factors that may influence PD patients’ use of APDs
(Table 2.2, located at the end of this chapter). Those potential factors arsetisasis

follows:

(1) Demographics
Age and race are significantly associated with APD use. The probability of

receiving any APD appears to vary with age. The oldest (85 years or oldeguary st
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(65 to 74 years old) elderly are less likely to use any APD compared to tleakse ag
between 75 and 84:*>However, once patients are on therapy, the likelihood of using L-
dopa can increase to rates as high as 100% among PD patients aged 85 year§'dr older.
African Americans are slightly less likely than whites to recai®s [odds ratio

(OR)=0.89, 95% confidence interval (C1)=0.79-1.01], suggesting possible racial
disparities in PD therapy.Moreover, one study examining the combined effect of race
and education found that the probability of using APD in the white-high-educated group
was 13% higher than that in the non-white-less-educated gt@gmversely, no

association was found between APD use and marital status, income levelrepceilf
health statu$® The findings regarding gender are not conclusive, with most studies

observing no association between gender and APBUSe”®

(2) Cognitive function

Cognitive function is a significant predictor of non-APD use. Patients witare
cognitive impairment, measured by a 6-item, 7-level Cognitive Perfaen@cale, are
less likely to receive APDs (OR=0.79, P<0.001), compared to those without cognitive
impairment'* As well, patients with dementia, a serious cognitive disorder, arekebs |i
to use APDs (OR=0.62, P<0.00%)The lower probability of APD use among patients
with cognitive disorders could be due to intolerance of psychiatric side effects
(hallucinations and delusions) associated with APDs, especially dopamingzgis a
(DPs and DAs). Since PD patients with cognitive dysfunction are also likeivelop
psychosis, discontinuation of APDs seems to be a preferred strategy totreduce

psychiatric symptoms. Another possible way to cope with psychosis while contfoliing
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motor symptoms is to administer antipsychotic drugs (i.e., clozapine and quétiapine
along with L-dop&?® In addition to cognitive disorders, depression is related to APD use,
although the direction of the relationship is not consistent in the literdttr@his

discrepancy may be due to the difference in the severity of the diseasentssitidied.

(3) Disease-related factors

Comorbidities are associated with the choice of APDs. PD patients with legbty
of chronic comorbidities are more likely than those with lower levels of chronic
comorbidities to use L-dopa and its combination theraiasso the probability of
receiving levodopa or any APDs is higher among patients with a longerotuoéti
disease and more severe disease symptbhswever, the association between physical
functioning and APD use is inconsistent. One study suggested that ADL bm&tatere

positively related to APD usewhereas another suggested a negative relatiofiship.

(4) Drug insurance
Patients with drug insurance plans are more likely to use APDs compared to those
without coverage (OR=1.48, P<0.0%)uggesting that drug insurance reduces the
financial barrier for patients in obtaining medications. In addition, drug insei@ans
may affect patients’ access to drugs. One study showed that dopamine d@a#xs¥ts
were more likely to be received as initial treatment by PD patients miphoger-
sponsored insurance than those with Medi&aithis result suggests that employer-
sponsored insurance policies tend to be more generous in providing coverage for the

more expensive APDs, such as DAs. According to Drugstore.com, DAs has the highes
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average retail price (ranging from $110 to $389 for a 1-month supply in 2008 dollars)

among the six therapeutic classes for PD (Table 2.1, located at the end ofyites)cha

(5) Other factors

Providers’ specialty may play an important role in PD therapy. One study found
that providers in a movement disorder specialty (MDS) were 3.4 times mdyetdike
prescribe DAs to the young (<60 years old) PD patients, compared to non-MDS
doctors®® Another possible factor associated with APD use is whether patiergs @tay
facilities. A higher probability of using APD is found in PD patients livimg i
institutional settings compared to those in community settfighis result may be

because institutional patients tend to have severe PD symptoms.

2.3.2. Limitations of prior studies regarding APD use

Although these studies provide valuable data on APD use, they may have several

limitations as follows:

(1) An important concern in the prior studies of APD use is the inaccuracy of idegtifyin
PD cases using either self-reported data or a broad range of ICDO(surleding
332.0, 332.1 and 333.0). This approach might have included non-PD cases that did
not necessarily require APD treatment. The inclusion of false-positive waght
have lead to overestimation of the prevalence of nonuse of APDs. Consequently, the
estimates of 42-44% of non-APD users in these studies are likely to be biased.

(2) Findings about the prevalence of APD use in the SAGE and MCB®dsthe

biased or incomplete. This is because the drug uses were reported by nursing home
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staff or participants within a limited observation window (e.g., 7-day drug use
preceding assessment in SAGE).

(3) The APD use from previous studies using data before 2004 may not reflect current
drug utilization. A number of new APDs have been appeared in the U.S market after
2004. Those drugs include two DAs (Neupro® and Apokyn®), three MAO-B
inhibitors (Zalapar®, Emsam®, and Azilect®), and a combination drug (Stalevo®).

(4) Prior studies about drug switching and augmentation only focused on short-term
changes (i.e., 30 days following the initial treatment) in PD treatments ig-new
diagnosed PD patients.

(5) The association between APD use and other potential factors is unclearafgteex
drug burden may play an important role in drug treatment among PD patients. It has
been known that the average number of daily drugs taken for each PD patient is 5.2
and could be up to 10 or more for patients in an advanced’$tiageepossible that
patients who already have a higher number of drugs for their comorbid conditions are
less likely to use APD, compared to those with a lower number of drugs. However,
this warrants further research.

(6) The literature is unclear regarding the relationship between APD use atict&ueal
utilization and expenditures. It is possible that patients with no or sparse uB®sf A
may have higher health care utilization and expenditures than patients vgtiatede
use of APDs.

Due to these limitations, a population-level study using updated prescriptims cla
data is needed to validate the prevalence of APD use among PD patients and to

understand the current distribution of APDs use and its economic impact.
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2.4. Patients’ adherence to APDs
2.4.1. Adherence measurement using pharmacy claims

Medication adherence is defined as “the extent to which a patient acts in
accordance with the prescribed interval and dose of a dosing regimen”, actorttiag
International Society for Pharmacoeconomics and Outcomes ReS¥ardteal
adherence measurement should provide information on dosing taken by patients in
relation to what was prescribed by physicians. However, this information caneonly b
obtained with costly prospective approaches, such as electronic drug monitoring
systems"® This challenge has driven researchers to consider a retrospective approach
using pharmacy administrative data for adherence measurement. Adativasiata
collected primarily for billing purposes are relatively convenient and imssipe to
obtain’*"® Although adherence values measured from pharmacy data cannot reflect
medication consumption directly, i.e., when and how patients take their medictiteyns
do provide information on medication possession, i.e., the amount of medication obtained
by patients> ’’

Adherence measures using pharmacy claims data can be classified itypéds:o
(1) medication gap measure and (2) medication possession m&&Siiiee measure of
medication gaps assesses the number of days that medications are unavailable over
specific period of time. One common gap measure is the Continuous Measure of
Medication Gaps (CMG). On the other hand, medication possession measure #sesses
number of days that medications are available over a period of time. Medication

Possession Ratio (MPR) is the most commonly used adherence measure in this
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category’® Compared to the gap measure, the possession measure is preferable because it
tends to provide a higher predictability of health outcomes, such as hospitalization
episoded? &

MPR has been widely used as a standardized method to measure adherence in
studies using administrative claims datd® 8 #The algorithm of MPR is the sum of
days’ supply of drugs divided by a fixed study interval (e.g., one yearpr@saription
interval (i.e., the period between the first and the last fill plus the day’sysofible last
fill). ”® A fixed interval as the denominator of MPR is suggested when an overall measure
of drug availability during that defined period is the primary goal. Conversely, a
prescription interval is recommended when patients are assumed to b widate
medications used for the disease of interest during this p&riod.

MPR provides valid adherence estimates for drugs when used as monotherapy.
However, it can be problematic when applied to drugs used concurrently. In these case
this measure tends to overestimate adherence VAlliesprevent this overestimation, a
recent study proposed three methods to standardize adherence measure for concurrent
therapy?® The first approach is average adherence, which generates a mean adherence
an individual by taking an average of the MPRs of all classes of drugs thedrd pa
receives. The second method is to use the proportion of days covered (PDC), which is
calculated as the number of days with one or more drugs of interest durinly pestiod.

The third approach is to calculate the proportion of patients with an MPR@¥o for all
classes of drugs. The result shows that average adherence provides adiaterm
estimate between the other two approaéfesich suggests that average adherence is a

relatively conservative approach to measure adherence to concurrent dapg.threour
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study, because parkinson patients, especially those at a moderate-to-ddvagectend
to have multiple APDs concurrently, we will use the average MPR approach tatalcul

patients’ adherence to APDs.

2.4.2. Prevalence of adherence to APDs

The majority of studies reporting adherence to APDs among PD patients are
clinically based. These clinical studies showed that between 12 and 51 percent of PD
patients were not adherent to their APDs. This wide range is likely duedcedies in
adherence measurements, observation periods, and study populations. Leopold et al.
counted the number of APD pills remaining over one month among 39 PD patients in a
U.S. hospital and found that 51.3 percent of them missed at least one dose gér week.
Conversely, Grosset KA et al. and Grosset D et al. used an electronic monisterg s
to measure adherence among 54 PD patients at a United Kingdom outpatienaidtting
112 PD patients from multiple centers in 5 European countries, respectively. The
nonadherence rates in both studies were defined as a lower than 80% adherence to the
total dose prescribed. Both studies found a relatively low nonadherence rate — 80 perce
and 12.5 percent, which might be due to greater attention to medication taking that
participants received during tridis 2*Nevertheless, both studies showed that around a
quarter of patients mistimed their do§&8?In these clinical studies, PD patients were
recruited from clinical centers and confirmed by neurological spesialibus, the
likelihood of including false-positive cases in these clinical studies should be low, and i

any, the number of non-PD cases should have a limited contribution to the nonadherence
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rate (non-PD cases might not adhere to their medications because skipping doglaiges m
have no serious consequences).

On the other hand, compared to clinical data, population-based data showed a
higher rate (61-67%) of nonadherence among patients with PD. Kulkarni et al. teahduc
a retrospective cohort study of 104 managed care enrollees with PD @§gears
during 2000 to 2004, and found that 67% of them had MPR less thaff 80%ewise,
Davis et al found a nonadherence rate (defined as MPR < 80%) of 61% among 3,119 PD
patients from the National Managed Care Benchmark Database during 1997 t6 2004.
These studies may be more representative to the general population than studies in
clinical settings. However, the sample population of the study conducted by Kugkarni
small and regional. Moreover, findings from both studies are restricted to etbrag
patients with PD. Further, they may not correctly identify patientsRithAs these
studies identified PD cases with a broad range of ICD-9 codes [332.0 (paagiyaits)
and 332.1 (secondary parkinsonism)], they might have included non-PD cases who were
diagnosed with secondary parkinsonism. Including the non-PD cases could ggtential

overestimate the nonadherence rate.

2.4.3. Factors associated with adherence to APDs
Few studies have focused on factors that may influence PD patients’ adherence t
APDs (Table 2.3, located at the end of this chapter). Those potential factorscassek

as follows:
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(1) Demographics

Data regarding the effects of gender and education on patients’ adherendasto AP
are inconclusive. One study showed male gender and high level of educaton wer
associated with poor adherence to APDwhereas another study found no such
correlation€” In addition, age is significantly associated with APD adherence, but the
direction of the association is mixed. One study found older PD patients had poor

adherence to APDS,whereas another study showed younger patient¥ did.

(2) Disease-related factors

Studies have suggested that poor medication adherence is evident only at an advanced
stage of PO ® A multiple-center clinical study of 112 PD patients with an average of
2.1 Hoehn and Yahr score (H&Y) (range: I-IV, higher score indicatingersaverity of
PD) showed that poor adherence to APDs was observed among PD patients at the
advanced stage (H&Y Ill and IV), but not among patients at mild-to-madstage
(H&Y 1 and Il) during a 4-month follow up period.In addition, no association between
PD severity and APD adherence was observed among 54 early-stage P[3 datiagta
3-month period® These clinical findings suggested that advanced PD patients tended to
miss drug doses, in part, due to a more complex drug regimen, as compartd mild
moderate PD patients. Another disease-related factor of poor medication adhetbec
diagnosis of depression. PD patients with higher depression scores appeared to have

lower adherence to APDs, compared to those with lower depression%cores.

34



(3) Medication-related factors

Several studies indicated that adherence worsened with an increasing afimbe
drugs prescribed for PD and other comorbiditfe&* 3*PD patients with polytherapy
tended to have lower adherence than did patients with monotHéralsy, patients who
took PD drugs alone had better daily adherence than patients who took both APDs and
drug therapy for their co-existing comorbiditi&in addition, dose frequency was
associated with adherence. Once-daily drug users had better adherendeehaniee-

daily or three-time-daily drug usets.

(4) Patient knowledge
A study showed that improving patients’ knowledge on the potential adversis effec
of dopaminergic therapy, such as nausea and light headedness, might increase the

percentage of patients taking doses of dopamine agonists at correct tinssfter

2.4.4.Economic impact of adherence to APDs

Data regarding the impact of adherence on healthcare utilization and expenditures
among PD patients are very limited, with only one study having examined spattim
Davis et al. examined the association of APD adherence and discontinuation-with al
cause healthcare utilization and costs among 3,119 PD patients in managecdeare pla
during 1997 to 2004’ An MPR of 0.8 was used as a cut-off point to differentiate
between adherence and nonadherence to APDs. Discontinuation was defined as any
interruption of APD treatment for at least 60 days. All-cause utilizaticnmeasured

over a 12-month period in four services (i.e., hospital, emergency room (ER), physicia
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office, nursing home, and ancillary care). Cost outcomes—total reimbursechheeti
prescription drug costs— were calculated over the 12-month period.

The unadjusted results of this study showed that mean hospitalizations and
ancillary care visits were higher among nonadherers than adherers (2.3 vs. 1.8 and 12.8
vs. 9.8, respectively), and were higher among patients with discontinuation thamspatie
without (2.4 vs. 2.1 and 13.5 vs. 10.8, respectively). The non-adherers also had more
office visits than the adherers (17.0 vs. 15.9). However, no association was observed
between ER visits or days of nursing home care with both medication nonadherence and
discontinuation measures. Nevertheless, no multivariate results were degpitinteegard
to the adjusted associations of APD adherence and discontinuation with all-cause
utilization and costs.

In terms of cost outcomes, the adjusted results of this study showed that
nonadherence was significantly associated with increased medical&)46&1,

P<0.001), although with decreased ($1,069, P<0.001) pharmacy costs after controlling
for covariates. Overall, the non-adherers (vs. the adherers) had signiflughtr
healthcare costs ($2,383, P<0.001), which was mainly driven by their higher medical
costs. Similar results were found when adherence values were treatezhéiseoas
variable. No association was found between the discontinuation measure antibuatiliza
and cost outcomes after adjustment for covariates.

Several limitations in Davis’ study deserve to be noted. First, its finding can only
be generalized to managed care patients with PD. It remains unknown whether such
association exists among Medicare population with PD. Second, although the authors

examined the association of APD adherence with utilization in several seithice
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association was unadjusted for possible confounding factors, such as age dnirdce. T
the authors did not consider potential adherence bias, or healthy-user effect, where
adherers might be healthier or engage in health-promoting behaviors, theretgy havi
lower healthcare utilization or expenditures.

Healthy-user effect is a source of bias that has not been given much attention i
observational studies examining association of medication adherence withdrealthc
utilization and expenditures. In the literature, healthy-user effectiisedieds a
multidimensional construct that incorporates aspects of health-promotingdisha
drug-related factors, and health stdti§’ Health-promoting behaviors include better
lifestyle behaviors (e.g., diet and exerci€a)se of preventive health services (e.g.,
screening test$),and high adherence to other medical thefd®rug-related factors
include simplified drug regimen (e.g., once-daily drug), lack of drug sfdetef and lack
of use of concomitant drud8. Health status indicators include cognitive function and
functional status. All these factors in each dimension have been demonstratedadisnpiri
as significant predictors of better medication adherence. Since these behavior
simultaneously contribute to better medication adherence and lower use of healthca
services, without adjusting for them would likely overstate the estimatssotiation
between medication adherence and utilization and expenditure outcomes. In our study,
we will use “preventive health services” as a proxy of health-user effeictontrol for

this variable in our regression models.
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2.4.5.Limitations of prior studies regarding APD adherence

Several limitations from previous studies about APD adherence are summarized a

follows:

(1) Studies to assess APD adherence in PD populations are limited. Most studies are
clinically-based with small sample sizes (from 39 to 112 subjects) and short
observation periods (from 30 days to 90 days). Although two studies of these studies
mentioned above were population-based, their findings can only be generalized to
managed care patients with PD*’

(2) Misclassification of PD cases was commonly found in observational studies
examining APD adherence due to an inaccurate definition of PD. Those studies
identified PD cases with a broad range of ICD-9 codes (332.0, 332.1 and 333.0) and
this approach was likely to include potential non-PD cases (those with 332.1 and
333.0 codes) who did not need to use or adhere to APD treatment. Including these
potential false-positive PD cases might have overstated the nonadhereno®rage a
patients with PO ¥/

(3) Little attention has been paid to several important factors associakepatignts’
adherence to APDs. First, adverse effects associated with use of ARDdNiNC
cognitive dysfunction, psychiatric symptoms (psychosis), may hinder medication
adherencé> "® However, no studies have examined the effect of these drug side
effects on APD adherence. Further, while changes in drug regimens (involving
switching and augmentation) due to disease progress would also affect patients’
adherence to their medicatiofts’®no data have been reported on such effect on

APD adherence. Lastly, the roles of receiving neurologist care, number of cdmorbi
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conditions, length of long-term care stay, and drug burden on medication-taking
behaviors have not been extensively examined among the PD population.

(4) 1t is unclear from prior studies whether and to what extent APD adherence is
associated with healthcare utilization and expenditures. Only one population-based
study was conducted, but its findings do not control for “adherence bias” and it is
limited to PD patients in managed care settiiddore observational studies are
needed to investigate the economic impact of nonadherence while considering

potential adherence bias among PD populations.

2.5. Summary

PD is a progressive disease that mostly affects the aged population. Whiie tieere
treatment to cure PD, or proven treatments to slow down its progression, the motor
symptoms of PD can be well controlled with APDs. As APDs are generally
recommended as the mainstay of therapy for the treatment of PD, it isantgort
understand the patterns of use and adherence levels of these drugs amongn®D pati
Although prior research suggests a substantial proportion of PD patients ar@got us
(42-44%) and if using are not being adherent to APDs (61-67%), these studigdgjece s
to several limitations, such as inaccurate PD identification, outdated datasard
non-representative population. In addition, little attention has been paid to several
potential important factors associated with APD use and adter&éhese factors include,
but are not limited to, cognitive conditions, number of comorbidities, changes in drug
regimens, neurologist care, length of long-term care stay, and drug burdeer,Rur

remains uncertain whether and to what extent APD use and adherencecisdatbwiith
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healthcare utilization and expenditures, as very limited data are reported in the
literature?’

To improve on the drawbacks of the previous studies mentioned above, | plan to use
a rigorous definition of PD in which each PD case is required to have at leastdinal me
claim with a ICD-9-code of 332.0 (Paralysis agitans) in two consecutive. ydas
approach ensures that PD patients identified in this study are likely to [mases
Additionally, we measure APD use and adherence by using a nationally reptiese
Medicare administrative claims datasets covering more recent p&@@s and 2007).

These claims data are contained in the Centers for Medicare and Meskoaices
(CMS) Chronic Condition Data Warehouse (CCW) with a random 5% sample of
Medicare beneficiaries (approximately 2.5 million per year).

This study is expected to bridge the knowledge gaps on the current patterns of APD
use and adherence, and the economic impact of use of and adherence to APDs among
Medicare beneficiaries with PD. This research will provide populationdbest@nates of
the prevalence of APD use and adherence, and contribute to the development of a bette
understanding of potential factors associated with use and adherence to APBs. Thes
findings may help the design of interventions to enhance APD use. Furthermore, our
study will allow us to understand how medication use and adherence to APD regimens
are associated with healthcare utilization and expenditures. This understailiding
highlight the importance of optimizing medication use and adherence, whilengduci

medical expenditures of Medicare beneficiaries.
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Table 2.1: List of antiparkinson drifg®

Class Generic name Brand name(year  Strength(s) available Cost® Role in therapy
(vear of availability) of approval) (2008 dollars)
Dopamine Precursors _Carbidopa Lodosyn® (1977) 25mg $68 (25mg)
Levodopa Parcopa® (1970,discontinued in 2001) Not available »
Initial treatment or
Carbidopa/Levodopa Sinemet®(1975) 10/100mg; 25/100mg; $118 (25/250mg);  combination therapy
(1992 25/250mg with other APDs
Sinemet CR® 25/100mg;50/200mg $121(CR
(1991) 50/200mg)
Carbidopa/Levodopa Stalevo® (2003) 12.50/50/ 200mg; $235
/Entacapone 18.75/75/ 200mg; (37.5/150/200

25.00/100/ 200mg;
31.25/125/ 200mg;
37.50/150/ 200mg;
50.00/200/ 200mg

mg)

Combination therapy

Dopamine agonists

Pergolide Mesylate (2002,
discontinued in 2007)

Permax® (1988,
discontinued in
2007)

0.05;0.50;1.00 mg

Not available

Bromocriptine Mesylate
(1998)

Parlodel® (1978)

2.5;5.0mg

$389(5mg)

Initial treatment or
adjunct to L-dopa/D As
for motor fluctuations

Pramipexole
Dihydrochloride

Mirapex® (1997)

0.125; 0.25;0.50;0.75;
1.00;1.25; 1.50mg

$216(1.5mg)

Mirapex® ER 0,375 0.75:1.5:2.25; $335(4.5mg) Initial treatment
(2010) 3.00; 3.75; 4.50mg
Ropinirole Hydrochloride ~— Requip® (1997) 0.25;0.50;1;2;3; 4; Smg  $216(3mg)
(2007) Requip® XL 23;4; 6;8;,12mg %389 (XL12mg )
(2008)
Rotigotine Neupro® (2007, 2mg/24hours (path) $265 (6mg/24 Used in moderate to
discontinued in 4mg/24hours (path) hours) advanced PD stage
2008) 6mg/24hours(path)
Apomorphine Apokyn® (2004) 30mg/3ml (injection ) $110 Used in advanced PD
Hydrochloride stage
Monoamine oxidase  Selegiline Hydrochloride Eldepryl® (1996) 5mg $170 Initial treatment or
B inhibitors (1987) Zelapar® (2006) 1.25mg $264 adjunct to L-dopa/D As
Emsam® (2006) 6mg/24hours (path) $555 (6mg/24 for motor fluctuations
9mg/24hours (path) hour patch)
12mg/24hours(path)
Rasagiline Mesylate Azilect® (2006) 0.5:1.0mg $256(1mg)
Catechol-O- Entacapone Comtan® (1999) 200mg $220 Adjunct to L-dopa/DAs
methyltransferase for motor fluctuations
salibitors Tolcapone Tasmar® (1998) 100mg $310
Anticholinergics Benztropine Mesylate Cogentin® (1954)  0.5;1;2 mg $18(1mg)
(1985) Img (injection)
Biperiden Hydrochloride Akineton® (1959) 2 mg Not available
Engfc})(cyl?lz?iggy(ll 989) dAiI:j:)];:t(liDnL(lzlwéa’r gflmg(extended release) — Imﬁ ta Ermatment or
¥ ¥ & adjunct to other APDs
unknown)
Procyclidine Kemadrin (1955, 2;5mg Not available
Hydrochloride discontinued in
2007)
Amantadine Amantadine Hydrochloride ~Symmetrel® 100mg; $36 (100mg) Initial treatment or
(1987) (1980, 50mg/Sml(syrup) adjunct to L-dopa/DAs

discontinued in
unknown year)

for dyskinesia

# Information about drug price is from www.drugstore.com. The cost is estimated for a 30-day supply of APDs in 2008 dollars
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Table 2.2: Studies of factors associated with geaf antiparkinson drugs

Allthoy Population  Data Source & Design Outcome Associated Factors Limitations
{year)
Leoni.etal® 130 Clinical data from a Receiving Older age; longer duration  —Small study sample
(2002) idiopathic PD  outpatient center at Italy ~ Levodopa of disease; higher Hoehn —Limited number of factors studied
patients (age= from June 1997 to April and Yahr (H-Y) scores —Limited generalizability
38-87) 1998; cross-sectional
survey
Huse ,etal® 4486 newly- Medstat MarketScan Receiving Older age; higher levels of  —Misdiagnosed PD patients
2006 diagnosed PD  (1999-2000 for Medicaid  Levodopa as  comorbidity; Medicaid —Restricted to early-stage patients
Z P Y y-slage p
patients (age= patients; 1999-2001 for initial patients (vs. employer- —Limited number factors studied
18-85+) employer-spousored treatment sponsored patients) ~Limited generalizability
patients); retrospective
cohort study
Swarztrauber™ 530 newly- Veterans Health Receiving Younger age; younger ~Misdiagnosed PD patients
(2006} diagnosed PD  Administration Data Dopamine dementia patients; —Restricted to early-stage patients
Z P p y-stage p
patients Warehouse between AgONiIsts as movement disorder —Limited number of factors studied
(mean 1998- 2004 initial doctors —Limited generalizability
age=74.6) refrospective cohort study  freatment
Lapane, etal” 24,402 Medicare- or Medicaid- Receiving Age 65-74 ; man; —Unable to distinguish patients
(1999) Medicare SAGE (Systematic any APDs Caucasian; normal with neuroleptic-induced
¥ ¥ P
institutional ~ Assessment of Geriatric cognitive function; parkinsonism from those with
PD patients drug use via normal physical function idiopathic PD.
(age=>05) Epidemiology) database -Drug use was obtained from self-
from 1992 to 1996; cross- or proxy-report.
sectional study —Drug use was collected 30 days
preceding assessment.
—Limited generalizability
Wei, et al”, 517 Medicare  Medicare Current Receiving Age 75-84 ;White with — Misdiagnosed PD patients
(submitted for  beneficiary Beneficiary any APDs high education; —Drug use was obtained from self-
publication)  with PD Survey(MCBS) from institutional residents; Or proxy-report.
age=>03 2001 to 2003; cross- drug coverage; ADL score  —Drug use was collected three
g g g g

sectional survey

> 3; depression; non-
dementia patients

times a year
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Table 2.3: Studies of factors associated with agthe® to antiparkinson drugs

ALiE Population D So_u ree AhErens Outcome Associated Factors Limitations
(year) & Design Measurement
Grosset D, 112idiopathic  Clinical data Electronic Suboptimal adherence  Older age; increased # of —Small study sample.
et al® FD patients from U.S. and  monitoring =decreased roral tablet; longer duration of —Overestimated adherence
(2007) (mean age five European  system for 1-  adherence (number of ~ PD; presence of motor -Limited number of factors
=65) countries month drug total doses taken), fluctuation; twice-daily  studied
(France, use fiming adherence or three-time-daily drug —Limited generalizability
Germany, (doses taken at right users (vs. once-daily) —Short observation period
Italy, Spain time intervals, or days of APD use
and UK); adherence (days on
clinical trial which drugs are taken
Grosset 54 idiopathic ~ Clinical data ~ Electronic Poor adherence Younger age; taking —Small study sample
KA, etal®  PD patients from U.K; monitoring defined as total more APD tablets per ~Overestimated adherence
(2005) (mean age=62  clinical trail system for3-  therapy adherence of  day; higher depression ~ —Limited numbers of
yIs) month drug <80% scores; poorer quality of  factors studied
use life -Limited generalizability
—Shott observation period
of APD use
Leopold, et 40 patients Clinical data  Electronic Nonadherence defined ~ Men; high educator who ~ —Small study sample.
al”?(2004)  with PD (mean froma monitoring as either missed doses  have >= 16 years of ~Limited numbers of
age=68) movement system for 28-  orerrors intiming of  education. factors studied
disorder center  day druguse  doses. -Limited generalizability
inU.S.; —Short observation period
climcal trial of APD use
Dobsomn, et 76 non- Clinical data A four point Worst adherence Nore of the factors — Small study sample.
al® (2004)  demented PD rating scale (gender, age, education,  —Limited number of factors
patients (mean (1=best, and PD severity) is studied
age=63) 4=worst significantly correlated.  -Limited generalizability
adherence) —Adherence measure was
not well-defined.
Kulkarni, et 104 newly- Pharmacy Medication Nonadherence defined  Patients with worsening ~ — Misdiagnosed PD cases
al® (2007) diagnosed PD  claim data Possession as MPR <80% PD symptoms defined as - Small study sample.
patients (age from a Ratio (MPR) those with increased — Limited number of
>65) managed care; dose of monotherapy, or  factors studied
5-year with combination -Limited generalizability
retrospective therapy, or having
longitudinal hospitalization, or
cohort study eMergency room visits.
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3. METHODS
In this chapter, we first detail our data sources and sample selection sthemewe
describe the operationalization of variables of interest and statisticabapps used to

test the hypotheses in our study.

3.1.Data source
Our study uses two data sources: 5% Chronic Condition Data Warehouse (CCW)

data and Minimum Data Set (MDS) data. We detail the data sources as follows:

3.1.1. 5% CCW data

We used a 5% random sample of Medicare administrative claims records derived
from the 2006 and 2007 CCW data to identify our study sample. The 5% CCW data
maintained by the Center for Medicare and Medicaid Services (CMS) cohsist
approximately 2.5 million Medicare beneficiaries whose claim account numbed e

with one of these five numbers 05, 20, 45, 70, or95.

The CCW data include detailed medical claims (Parts A and B) from beneBdia
Medicare fee-for-service plans and prescription claims (Part D) feoraflziaries in the
Medicare Part D prescription drug benefit program. In addition, the data include a
denominator file that provides information such as demographics. The following briefl

describes these four main files in CCW data.

(1) Part A, or institutional claimsThe Part A claims cover services provided for

Medicare fee-for-service beneficiaries in inpatient, hospital outgaskilled nursing

facility (SNF), home health agency (HHA), and hospice settings. ThéR#atms
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data contain information on diagnostic and procedure codes, service dates, and
service payments from insurance plans and patients.

(2) Part B, or non-institutional claim3he Part B claims cover services provided for

Medicare fee-for-service beneficiaries by physicians and supplisnwith the Part

A, the Part B claims data have disease diagnoses, service dates and payment
information. In addition, the Part B data provide information on providers’ specialty.
This information allows us to measure whether PD patients seek services from
neurologists and examine how this behavior is associated with patients’ noedicati
use.

(3) Part D, or prescription drug event (PDEhe PDE file contains 41 variables related

to Medicare Part D-covered prescription drugs dispensed to beneficiaries veho we
enrolled in the Part D program. In this study, we selected a subset of thab&esar
including drugs dispensed, dates of drug dispensed, days’ supply, drug from
(oral/patch/injection), drug strength, and drug costs. Those data allow us toeneas
our medication use variables of interest.

(4) Denominator filesThe files contain monthly information on beneficiaries’

enrollment status with Medicare Part A, B, and D, whether patients had insurance
coverage through Medicare managed care (Part C), eligibility of low-incomielgubs
and date of death. In addition, the denominator file includes beneficiaries’
demographic characteristics including age, gender, race/ethnicity,pacoda of

residence.

All the CCW data files are linked by an encrypted identification numbegressto

each beneficiary. For our study, we focus on Medicare fee-for-servicidmmes (Parts
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A and B), rather the beneficiaries with Medicare managed-care bianel (Part C) due

to the lack of Parts A and B claims among the managed-care population. Withddetail
information on medical (Parts A and B) and prescription (Part D) claims, the 5% CCW
data allow for analyses of APD use and adherence as well as mediadllzaton and

spending.

3.1.2.Minimum Data Set (MDS) data

We used a variety of date variables derived from 2006-2007 Minimum Data Set
(MDS) data to capture PD patients who resided in facilities and receivetelongare
(LTC) along with their length of LTC stay in those facilities. Accogdio the definition
of LTC suggested by the CMS, LTC is a variety of services that includesahadd
non-medical care to people with chronic iliness or disability who are in need oéthis
over a period of time. LTC can be provided at home, in the community, or in various
types of facilities, including assisted living or nursing home facilttiés.this study, we
focus on patients who received long-term care in facility settings andodferse
patients as the “LTC facility patients”.

LTC facility patients may be in need of medical care (e.g., phys$iespy and
medication administration) that requires the expertise of skilled pometis. These
medical services generally are provided at skilled nursing fasi(iB&lFs) staffed by
licensed and certified nurses or medical staff. On the other hand, patienibtiefacay
seek non-medical care, such as assisting living care (e.g., drasdibgthing), which do

not require assistance from skilled practitioners. In this study, weeaéferpatients who
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received non-skilled long-term care as “non-SNF patients”, whereas{satvho
received skilled long-term care as “SNF patients”.

Medication coverage varies by whether patients received SNF care s nat] as
the length of SNF stay. For patients whose SNF stay is fewer or equal to 100 €agh i
SNF episode, Medicare Part A covers their medications dispensed. Conversely, for
patients whose SNF stay is more than 100 days per episode or non-SNF patients, they are
responsible for their drug costs and likely pay their drug payments througdringi
plans, such as Medicare Part D pléhs.

The rationale for identifying LTC facility patients by using the MIZS In the fact
that their medication-taking behavior may substantially differ duringitfadays where
medications are administered or supervised by staff, as opposed to in commusity day
where patients are responsible for obtaining and taking their medicationsakéeBart
A data only allow identification of facility patients who receive skilled nurseng (i.e.,
SNF patients), but not those who receive non-skilled care (i.e., non-SNF patients)
because such non-skilled care is not covered by Medicare.

Thus, to identify both the SNF and non-SNF patients among our PD sample, we used
MDS data in addition to Medicare Part A data. The MDS data include clinical
assessments of all patients who reside in Medicare and Medicaid certifiei@longare
facilities?® Licensed facilities are mandated to collect and submit assessment data to
Medicare when patients are admitted to, discharged from, or reentereceigalitivhen
they have significant change in health status. In addition, depending upon how long

patients stay in facilities, their MDS data may be collected quadedpnually. With
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such detailed information on assessment dates provided in the MDS file, weeatie abl

identify LTC episodes and to ascertain their length of LTC stay.

3.2. Sample selection

3.2.1. Study cohort from 5% CCW

We used 2006-2007 CCW 5% files to select our study cohort. Our inclusion criteria are

(1) beneficiaries who had at least one medical claim with primary or sagothdgnosis
of PD (nternational Classification of DiseasBlinth Revision, Clinical Modification
[ICD-9-CM] Code 332.0) in both 2006 and 2007 from Parts A and B claims files. The
332.0 code has been widely used in studies identifying Parkinsonism cases because of
its very high sensitivity (97%) and specificity (999%)*° **Requiring patients to
have this code in two consecutive years 2006 and 2007 ensured that PD cases
identified in this study were not misdiagnosed.

(2) beneficiaries who had continuously enrolled in Parts A and B from January 1, 2006
through December 31, 2007 or the date of death in 2007. The purpose of including
patients who died during 2007 was to increase the generalizability of our study
results.

(3) beneficiaries who were initially enrolled in a Medicare Part D PDP fwidune 1,

2006 and maintained PDP enrollment through December 31, 2007 or the date of death
in 2007. We used June 1, 2006 as the starting date to observe drug data for patients

who were enrolled in PDPs prior to January 1, 2006 and as late as May 18> 2006.
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We excluded patients who died during 2006 (n=36) from our study cohort to ensure
each patient had at least a 7-month (6/1/2006-12/31/2006) drug observation window in
order to obtain a meaningful estimate for APD Wgaile there is no definitive rule for
such time period, a review article suggests that a drug observation period should be at
least the total days’ supply of 3 sequential prescriptions for a meaninggiuhgsn.’® In
our study sample, with 96% of the APD prescriptions dispensed as a 60-day supply or
less, a reasonable time period for APD assessment should be at least 6 maritB8 (i.e
days=3 sequential 60-day prescriptions). In our study, we required all studgtsubjbe
alive from June 1, 2006 (i.e., the starting date) through December 31, 2006; that is, all PD
patients had at least 7 months to be observed for their APD use. We also excluded
patients who were enrolled in Health Maintenance Organizations (HMO) dueléakhe
of medical and drug claims from these organizations.

Our study period was from June 1, 2006 to December 31, 2007 (i.e., 19 months). The
PD cohort that met our inclusion/exclusion criteria was used to assess oveddll use
APDs (i.e., whether patients used any APDs) during the 19-month study periad. Late
when examining duration of APDs, we restricted our analysis to those patrentsag/
at least two APD fills since two or more prescription fill dates were reduo
operationalize duration of therapy according to its definition (i.e., daystirerirst to
the last fill plus the days’ supply of the last ffii®° Similarly, when examining adherence
to APDs, we used only those patients who had two or more APD fills as adherence was

measured by Medication Possession Ratio (MPR), defined as total number of days

supply divided by duration of therapy°
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Figure 1 shows the steps used to select Parkinson patients from the 5% CCW data of
2006 and 2007. During this two-year period, a total of 37,908 patients had at least one
medical claim coded as 332.0 (ICD-9 code for Parkinson’s disease) as they/mtima
secondary diagnosis. Among this broader PD sample, 48% of them (18,268 /37,908) had
a PD diagnosis in two consecutive years 2006 and 2007. When our study inclusion
criteria were applied (i.e., survived through December 31, 2006, had no HMO coverage,
enrolled in Part A and Part B from January 1, 2006 through December 31, 2007 or death,
and enrolled in Part D Prescription Drug Plans prior to May 15, 2006 and maintained
enrollment through December 31, 2007 or death), a final sample of 8,758 Medicare PDP
enrollees with PD was obtained. This sample was further restricted to ample ©f
7,583 patients who had two or more APD prescription fills in order to measure the

duration of and adherence to APDs.
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Figure 1. Sample Selection

5% CCW Sample
2,529,285 (2006) / 2,570,692 (2007)

—

T x?
Hagt

Diaanosed with PD in 2006 aor 2007
37,908

L\\f{?

Inclusion criteria
N Left N Excluded

Diagnosed with PD in both 2006 and 2007
18,268 19,640

Al
i

o

Survived through 12/31/2006
18,232 36

Continuously enrolled in Part A & B from 1/1/20G6rough 12/31/2007 or the date
of death

17,746 486

Had no HMO coverage from 1/1/2006 through 12/317260the date of death
16,936 810

R

Enrolled in PDPs prior to 5/15/2006 and maintaif&P enrollments through
12/31/2007 or the date of death

Note: In the final PD sample (n=8,758), 1,272 paténad no APD use, while 7,706 patients uséd
APD. Of the 7,706 APD users, 7,583 patients had\PDs, while 123 patients had single APD during th
study period.
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3.2.2. Linkage between CCW study cohort and MDS

After identifying our PD sample from the 5% CCW data in 2006 and 2007, we
linked the sample of 8,758 patients to the MDS data through encrypted patient identifiers
We then used assessment dates in MDS and admission and discharge dates imtCCW Pa
A SNF claims to determine whether patients stayed in LTC faciliidgteeir length of
LTC stay. We detailed the algorithm for identifying LTC facilityipats and the length
of stay in Appendix A.

In addition, as our main interest was to measure drug use, the linkage between
CCW Part D and MDS data assisted us to better understand differences i\B&ksof
between community patients and LTC patients. It is noted that in this studyetbg us
APDs was measured over the 19-month study peeixakpt for days in which patients
stayed in Medicare-paid Part A SNFs and hospitalsThis is because drugs filled
during such days are bundled under Medicare Part A payment and not available for
measuremerit The following table lists the types of LTC services measured,
corresponding datasets used for identifying the services, and the avgiti#art D

claims.

Types of LTC services Dataset(s) for identifying LTC Availability of Part D
services claims

Skilled nursing services

Medicare paid SNF Part A SNF claims and MDS data Not available (bundled
under Part A payment)

Non-Medicare paid Part A SNF claims and MDS data Available
SNF

Non-skilled nursing MDS data Available

services (i.e., assisting

living care)

52



3.3. Operationalization of variables
In this section, we detail the operationalization of three constructs forutis §1)
APD use (including primary and secondary measures), (2) healthcaredionliaad

expenditures, and (3) factors of interest associated with primary APDaasgiras.

3.3.1. Primary APD use measures
We describe the measurement of three primary APD use measures—use of APDs,

duration of APD therapy, and adherence to APDs as follows:

3.3.1.a. Use of APDs

APDs for this study were defined according to the National Drug Code
Dictionary® We measured six commonly used classes of APDs, including dopamine
precursors, dopamine agonists, MAO-B inhibitors, COMT inhibitors, amantadine, and
anticholinergic agents. Their classes, generic names, and brand namescaire Tiable
3.1. The use of rotigotine (patch), apomorphine (injection), and pergolide (oral) are
described in the analyses of Aim 1. However, these three APDs were excludederom
multivariate analyses of Aims 2 and 3 due to the short market life of rotigotine . $.
(from June 2006 to April 2007¥,rare use of apomorphifie’ and withdrawal of
pergolide on March 29, 2067.

The use of APDs was measured by examining whether PD patients used APDs or
not from the Part D drug event file of 2006 and 2007. Patients were defined as APD users
if they had one or more APD prescriptions; otherwise, they were defined as non-APD

users. In addition, we examined the number of APD prescriptions filled during the study
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period. These two measures of APD use (use of APDs and number of APD fills) were
separately examined by therapeutic class, individual drug agents, antetretiterapy
(mono- vs. combination-therapy). Monotherapy users were defined as using alasgjle c
alone at any given time during the study period or using multiple classes atarmtbym

for less than 30 days. Combination-therapy users were defined as using twe or mor
classes concurrently for a continuous period of 30 days or more, because a minimum 30

days of concomitant drug use is required to identify true combination-theragy user

Table 3.1: Antiparkinson drugs measured in the 8Be during 2006—2087

. Brand name
Class ( egregfe g\c/:arillzg]iﬁt ) (year of approval; year of
Y y discontinuation)
Carbidopa Lodosy® (1977)
Dopamine Levodopa Lardop& (1970; 2001)
prer::ursors Carbidopa/Levodopa (1992) Sine®é1975), Sinemet CR (1991)
Carbidopa/Levodopa/ Staleve® (2003)
Entacapone
Pergolide Mesylate (2002, Permax® (1988; 2007)
discontinued in 2007)
D . Bromocriptine Mesylate (1998) Parlo@el(1978)
aogr?irsrj[!sne Pramipexole Dihydrochloride Mirapex® (1997)
g Ropinirole Hydrochloride (2007) Requp Requi® XL (1997)
Rotigotine Neupro® (2007; 2008)
Apomorphine Hydrochloride Apoky (2004)
MAOB o . Eldepryl® (1996), Zelapar®(2006)
inhibitors Selegiline Hydrochloride (1987) Emsam® (2006)
Rasagiline Mesylate Azilect® (2006)
L Entacapone Comté&n (1999)
COMT inhibitors Tolcapone Tasma@r (1998)
Benztropine Mesylate (1985) Coge®in1954)
Biperidan Hydrochloride Akineton® (1959)
Anticholinergics ;I'lréhSeS;()yphemdyl Hydrochloride Artane® (1949; unknown)
Procyclidine Hydrochloride Kemadrin (1955; 2007)
Amantadine Amantadine Hydrochloride (1987) Symmgi@t(1980)

3.3.1.b. Duration of APD therapy
Duration of therapy (DOT) with any of the studied APDs (listed in above table)
was measured as the number of days between the first and the last fill of AP plus

days’ supply of the last fill, date of death, or December 31, 2007, whichever carf® firs
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8 We excluded Medicare Part A covered hospital and SNF days from the DOT
calculation because drugs taken during these periods were bundled into Part A payment

to the facility and thus not available for measureni&nt.

3.3.1.cAdherence to APDs

Medication adherence was measured with the Medication Possession Ratio
(MPR), calculated as the total days’ supply of any of the studied APDs (atome
divided by duration of therapy with these agents (denominator) from June 1, 2006 to
December 31, 2007 or the date of death, whichever cam&fifavhen calculating the
numerator, we included days’ supply carried over from prescriptions filled priume
1, 2006, but excluded days’ supply beyond December 31, 2007 or the date of death. In
the calculation of the denominator of MPR, as mentioned earlier, Medicare paid A
hospital and SNF days were excluded from the duration of therapy. MPR ranges from 0
to over 1 with a value closer to 1 indicating better medication adherence. MPR that i
over 1 may indicate either overuse or early refill. We calculated MRRwait the drug
level, the drug class level, and the patient level. Examples of MPR calculiatien a
patient level are shown in Figures 2.1 to 2.4, and are detailed in Appendix B.1.

The MPR algorithm used for the cases in Figures 2.1-2.4 is considered as the
simplistic form (i.e., sum of days’ supply divided by duration of therapy, DOT). As
indicated in the figures, this algorithm is a useful tool to measure adherensiadgtea
class of drugs with no overlap between drug prescriptions. However, when megasuri
adherence to multiple drug classes with overlap(s) at the patient levsintpls MPR
algorithm would likely overestimate the adherence for each individTdie reason for

such overestimation is that concurrent use of multiple drugs likely incréwstxdl
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numbers of days’ supply (numerator of the MPR), but leaves DOT unchanged
(denominator of the MPR).

To estimate the overall adherence at the patient level among users withemultipl
current APDs, a “weighted-average MPR” approach was {isguis approach has been
suggested as a standardized method for measuring adherence to multipleidreigsreg
most likely to be employed in control of moderate-to-advanced PD symptothale
used this weighting approach to account for differences in DOT across diffargnt dr
classes that overlap one another to some extent. This approach began by (lingalculat
MPR for each drug class; (2) obtaining the weighting factor of each thsg calculated
as the proportion of DOT within a single class divided by the sum of DOT acrossall dr
classes; (3) multiplying the drug-class MPR by its weighting faeatwdt (4) finally
summing the weighted MPRs across all drug classes filled by eaehtgatobtain the
weighted-average MPR at the patient level. The formula of the weightzdgeyMPR at

the patient level is shown as follows:

Weighted-average MPR the patient leve™ ) +

).+ )

where 1, 2,..n refers to drug classes. Examples of weighted-average MPRtical@rke
shown in Figures 3 to 5, and are detailed in Appendix B.2.

In addition to assessing adherence at individuals with concurrent classessf APD
we also measure adherence at the drug class level where multggendltiin a class are
concurrently filled, and at the drug agent level where multiple dosingyditieaf a drug
are concurrently filled by using “weighted-average MPR” approach. &sthe

simplistic form of MPR, the “weighted-average MPR” ranges from O to overhlawit
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value closer to 1 indicating better medication adherence. The MPR that is over 1 may
indicate either overuse or early refili®® In Aim 1, we report MPR values at the drug
level, drug class level, and patient level. In Aims 2 and 3, we focus on patiehMER
and examine factors associated with the patient-level MPR and its influencalthcdre

utilization and expenditures.

3.3.2. Secondary APD measures

In addition to the three main APD measures described above, three secondary APD
measures APD trends, interruptions, and switching/augmentation were exeahto
better understand the changes in APD use at the population level and at the individual

level. We detail the measurements of these three APD measures as.follows

3.3.2.a.Trends in APD use

Trends were examined among the 7,706 patients who had at least one APD fill
during the 19-month study period (from June 2006 to December 2007). First, we
calculated the proportion of patients receiving 0, 1, 2, 3 or 4 or more APD classes for
each single month during the 19-month study period. We then compared the changes in
monthly APD use at the population level over time to better understand how patients used
their APDs on a monthly basis. Additionally, the analysis of the trends in monthly APD
use allows us to investigate whether there was a substantial change inABP&wsen

the early stage (i.e., 2006) vs. the late stage (i.e., 2007) of the Part D program.
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3.3.2.bAPD interruptions

Interruptions were calculated to assess patients’ medication-takiagibes from
a different perspective—whether and to what extent a patient had any intersupt
APDs between their APD prescription fil5.”° The interruption was measured as a
continuous gap of 30 or more days without any APD drugs between fills during the study
period’® "When measuring APD interruptions, we excluded both Medicare Part A
covered hospital and SNF days as drug information in these settings was blavaila

Thus, these Medicare-covered days were not part of the interruption period.

3.3.2.cSwitching and augmentation of APDs

Switching and augmentation were assessed because changes in drug r@gimens
common in PD treatment; **yet whether and to what extent patients experienced those
changes are rarely explor&dSwitching of APDs typically requires patients to undergo a
dose titration schedule, which is often complicated. Drug augmentation often involves
taking multiple drug classes with different administration times. Asudtyéisose
regimen changes could lead to treatment complexity and then adverselyafieat
adherence. We used the Part D file to measure the occurrences of svatahing
augmentation of APDs for each patient. The operationalization of these twacspecif
measures are described as follows:

(1) Switching occurrenceare generally defined as patients being prescribed a new APD

to replace the APD previously prescridéd® *®°Drug switching could occur in two
scenarios: (1) non-overlap switching that the prior drug is discontinued without
dosage titration and then subsequently replaced by another different therapy; and (2)

overlap switching that the prior drug is discontinued by a gradual doseiogduct
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while the subsequent different therapy is initiated. In this study, measurenagag of
switching requires that there is no refill for the previous drug after a newsdrug
observed. Consider an example of a patient who previously receives Mirapex® and
subsequently uses Sinemet®. Switching occurs when the previous Mirapex® is no
longer refilled after the subsequent Sinemet® is filled. Such a drug chanigebe

either overlap switching when the previous and the subsequent APDs overlap, or non-
overlap switching when the two drugs do not.

(2) Augmentatioroccurrencesre defined as patients being prescribed one or more

APDs to supplement those previously prescribed. In this study, measurement of drug
augmentation requires that the old APD remain, while the new one is added. In
addition, both old and new APDs must be refilled at least one time during the study
period and the refill periods must overlap. An example is that a patient previously
receiving Mirapex® subsequently uses Sinemet®. Augmentation occurs when the
patient continues the previous Mirapex® after the Sinemet® is additionally
prescribed, and both APDs are refilled and the refill periods overlap duringithye st
period.

In Aim 1 of our study, to provide an overview of switching and augmentation of
APDs in our PD sample, we measured (1) the percentage of patients expgaerycin
switching and/or augmentation occurrences during the follow-up period; (2) switchi
and augmentation rates by drug class, defined as the number of occurreiceesty
the total patient-years of follow up for each drug class; and (3) the number and
percentage of switching and augmentation occurrences between dreg.diaske

analyses of Aims 2 and 3, the number of switching and augmentation occurrences was
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summed for each patient to yield an overall change in APD therapy at tet patel.
This variable was then included as a covariate in regression models to conteol for it

potential confounding effect on the relation between APD adherence and outcomes.

3.3.3. Healthcare utilization and expenditures

The major outcomes of this study were healthcare utilization and Medical
expenditures. Healthcare utilization was measured with respect to theinglfive
services:

(1) Hospitalization event&/ere measured based on the date of admission derived from

Part A inpatient data. We calculated the total counts of hospitalizationspettidiet
level by summing all events that occurred during the study period.

(2) Emergency room (ER) visitsere identified from Part A outpatient data through

revenue codes (0450, 0451, 0452, 0456, 0459, and 0981) and from Part B Carrier data
through Place of Service code (23=Emergency room-hospital) or HCPCS codes
associated with ER use (99281, 99282, 99283, 99284, 99285, 99286, 99287,
99288)'" 19%2These codes are used to bill ER and professional fees incurred during

ER visits. The total number of ER visits was then summed for each patient.

(3) Part A skilled nursing facility (SNF) episode®re measured based on the admission

dates derived from Part A SNF data. With these data, we were able tedagitur
Medicare-covered and Medicare-non-covered SNF episodes, as faciétregjaired

to submit claims for skilled nursing care services regardless of whethet thien
services are covered by Medicaf&@We then aggregated the count of SNF events at

the patient level to generate the total number of SNF events.
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(4) Home health agency (HHA) episodesre measured based on the admission dates

derived from Part A HHA data. The total count of HHA events was then aggregated
at the patient level.

(5) Physician visits in office and/or clinical settimgere identified from Part B Carrier

and Durable Medical Equipment file through HCPC codes (99201, 99202, 99203,
99205, 99211, 99212, 99213, 99214, and 99¥¥Tjhe total count of physician
visits was then calculated at the patient level.

We list the CCW datasets and relevant variables used to measure thpda/efthealth

services utilization in Table 3.2.

Table 3.2: Datasets and variables for the measurenfdive types of health services

Health services utilization Datasets Variables foutilization (short name in datasets)
Hospitalizations Part A inpatient Claim admission dates (admsn_dt)
claims
Emergency room visits Part A outpatient| Revenue center code (rev_cntr) : 0450, 0451,
hospital claims 0452, 0456, 0459, and 0981
Part B carrier Place of service code (plcsrcv): 23
claims HCPC codes (hcpes_cd): 99281, 99282, 99283,

99284, 99285, 99286, 99287, and 99288.

Skilled nursing facility (SNF)| Part A SNF claims| Claim admission dates (admsn_dt)
episodes

Home health agency (HHA) | Part A HHA claims| Claim admission dates (admsn_dt)
episodes

Physician visits at Part B carrier and HCPC codes (hcpcs_cd): 99201, 99202, 99203
office/clinical settings Durable Medical 99205, 99211, 99212, 99213, 99214, and 9921
Equipment claims

S_n..

To determine whether the relationships of APD use and adherence and healthcar
utilization differed for all-cause and disease-specific utilizationamues, we analyzed
each of these five healthcare services by collapsing them into thresedsgesific
groups: (1) all causes, (2) PD only, defined as services with a primaggardary
diagnosis code of PD, and (3) comorbidities commonly seen in PD patients, as oppose to

the general comorbidities measure described later in this chapter. (dtilizelative to
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those PD-related comorbidities was defined as services with a primsegamrdary
diagnosis code of the comorbidities listed in Appendix C.

In addition to healthcare utilization, healthcare expenditure is also a major
outcome of interest in this study. Expenditures were measured as paymenttsfé;, Pa
B, and D services for each beneficiary during the 19-month study period. Payment
sources included individuals (i.e., patient’s deductibles, coinsurance, and caapayme
Medicare, and non-Medicare program as a primary payer (non-Medicararmpsogr
include private insurance, Medicaid, workers’ compensation, and public sources). Tabl
3.3 lists CCW datasets and relevant variables used to measure costs for RPartcADB
services.

We then summed the Parts A, B, and D expenditures together to yield total
medical expenditures. The total expenditures consist of payments from Medioar
Medicare, and patients for all Medicare services, except for the sergicaed under
the Part C. In this analysis, we treated these four types of expendg@esatinuous
variable and reported the means and stand deviations. We were not able to analyze
healthcare expenditures by the three specific disease groups (i.e., allIRiawmdy, and
PD-related-comorbidities) due to the inability to differentiate costs ieduy treating

PD and other comorbidities of a patient.
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Table 3.3: Datasets and variables for the measumenfispending for Parts A, B, and D services

Medicare
services Datasets Variables for spending (short namin datasets)
Part A Inpatient claims Claim payment amount from Medicare (pmt_amt)
Claim payment amount not from Medicare (prpayamt )
Beneficiary deductible amount (ded_amt)
Beneficiary coinsure liability amount (coin_amt)
Outpatient hospital Claim payment amount from Medicare (pmt_amt)
claims Claim payment amount not from Medicare (prpayamt )
Beneficiary deductible amount (ptb_ded)
Beneficiary coinsure liability amount (ptb_coin)
Skilled nursing facility | Claim payment amount from Medicare (pmt_amt)
claims Claim payment amount not from Medicare (prpayamt )
Beneficiary deductible amount (ded_amt)
Beneficiary coinsure liability amount (coin_amt)
Home health agency Claim payment amount from Medicare (pmt_amt)
claims Claim payment amount not from Medicare (prpayamt )
Note: Part A HHA services were identified througk tlaim
identification code V.
Hospice claims Claim payment amount from Medicare (pmt_amt)
Claim payment amount not from Medicare (prpayamt)
Part B Carrier claims Claim payment amount from Medicare (pmt_amt)
Claim payment amount not from Medicare (prpayamt )
Beneficiary deductible amount (dedapply)
Durable medical Claim payment amount from Medicare (pmt_amt)
equipment claims Claim payment amount not from Medicare (prpayamt )
Beneficiary deductible amount (dedapply)
Home health agency Claim payment amount from Medicare (pmt_amt)
claims Claim payment amount not from Medicare (prpayamt )
Note: Part B HHA services were identified throudgirm
identification codes O, W, or U.
Part D Prescription drug event Drug payments the plan paid for covered Part D sifagp_amt)

files

Drug payments the plan paid for non-covered dragg (amt)
Low-income drug cost sharing subsidy amount from
Medicare(lics_amt)

Drug payments by beneficiary (ptpayamt)

Drug payments by other payers that are not Troimbéd
(e.g.,VA) (plro_amt)

Drug payments by other payers that are Troop-dédib.g.,
Pharmacy assistance program) (othroop)

Drug payments including ingredient cost, dispendéaey, sales
tax (totalcst)
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3.3.4. Factors associated with APD use and adherence

The main factors of interest included demographics, low-income subsidy (LIS)
status, early or late PDP enrollees, whether seen by neurologmstsssien, cognitive
conditions (including Alzheimer’s diseases, dementia, and psychosis), comesbiditi
drug burden, changes in APD therapy, use of preventive health services, i@sident
status, and length of long-term care (LTC) stay. We detailed the measuoértient

factors as follows:

3.3.4.a.Demographics

Demographics were measured using the CCW denominator file. Those variables
included (1) age (64, 65-74, 75-84, 0185 years), (2) sex (male or female), (3) race
(white, black, Hispanic, Asian, or other including North American Native and othal rac
groups) and (4) resident region (Northeast, Northcentral, West, or South, which includes
Puerto Rico and other regions) were measured in 2006. These four regions were
categorized based on the U.S. census redf8ise attempted to analyze the residency
data based on the 9 census divisions to obtain a finer measure. However, ajgssifyin
patients by 9 divisions resulted in a small sample (n < 30) in some divisions. Thus, we
chose to categorize the residency data at the broader regional lgwezltinan the

division level.

3.3.4.bLow-income subsidy
Beneficiaries with low-income-subsidy (LIS) were defined as those vdeoves
financial assistance (i.e., premium, deductible, and drug copayment) for tigepldns.

The rationale for including this variable is that LIS enrollees may haerefiftf
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medication-taking behaviors from non-LIS enrollees, because (1) LISessdlhve

lower cost sharing for prescription drugs, with $1 to $ 2 for generic and $2 to $5 for
brand name drugs; and (2) LIS enrollees are not subject to the doughnut hole, a gap in
coverage of prescription drugs where beneficiaries must pay 100% of the dsifyaost
their pocket2%> We measured patients’ LIS status using the CCW denominator file. In
our cohort of 8,758 PD patients, 47.4% did not receive LIS in any month, whereas 42.4%
received such financial assistance throughout the 19-month study period. En@ngm
10% (899 patients) of our cohort were LIS recipients in certain months; of these, more
than two-thirds (70%) received LIS for over half of their observation perteas

analysis purpose, patients were dichotomized as LIS-eligible if tkeyveal LIS for

their drug plans for more than half of their observation periods (e.g., being-aedeit

for 10 or more months in the 19-month study period); otherwise, they were classified as

non-LIS eligible.

3.3.4.c.Early vs. late enrollees

The early or late enrollees were defined according to whether beneficia
enrolled in their Part D plans before or after January 1, 2006. Patients who enrolled pri
to such date were classified as the early enrollees, whereas patientgolied eluring a
period from January 1, 2006 to May 15, 2006 were classified as the late enrollees. We
distinguished these two groups because in our sample, the early enrollees cansist of
higher proportion of LIS recipients (64.0%) and dual eligible (63.1%) who are auto-
enrolled to the PDPs, compared to the late enrollees (23.7% and 20.0%, respectively).

Under the Medicare Part D program, the LIS and dual- eligible benefgiaho failed
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to enroll in Part D by their own were automatically enrolled by CMS January 1, 2006.
They were assigned to a randomly selected PDP plan with the least expemsigecost
in their residential area to ensure that they can get access to medicateded. Since
these beneficiaries tend to be poor and sick, they are likely to use more mealthca
resources. The second reason for distinguishing the early vs. the late ersdhaéshie
early enrollees tend to have a greater need for drug plans in order to caver the
prescription drugs. Accordingly, the early enrollees are expected to have higher

utilization of prescription drugs, compared to the late enrollees.

3.3.4.dWhether seen by neurologists

Whether patients were seen by neurologists was measured using RamnsB c
through CMS physician specialty codes. Patients who had Part B services prgvided b
neurologists (specialty code 13) were classified as ever receivimfrem neurologists
during the study period. Otherwise, they were classified as not receivinfyarare
neurologists during the study period. We focus on the care provided by neurologists
because such providers have specialized training in neurodegenerative dsedsas
PD, and they may provide a better treatment plan tailored to PD patients. dlkis s
we hypothesized that PD patient who consulted neurologists may have different

medication-taking behaviors from patients who did not.

3.3.4.eDepression
Depression was measured based on the presence of ICD-9-CM codes for
depressive symptoms in any diagnosis position on the Part A and Part B claims. The

ICD-9 codes defining depression included 296.2 (major depressive disorder, single
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episode), 296.3 (major depressive disorder, recurrent episode), 300.4 (dysthymic
disorder), 309.1(prolonged depressive reaction), and 311 (depressive disorder, not
elsewhere classified). Depression is prevalent among PD patients, with(®@%f PD
patients also diagnosed with depressive symptdritsPrior studies had suggested that
depression might affect the medication-taking behaviors of patients with chroni
diseases, including P15.%* '°In our study, patients were classified as having depression
if they had any Part A and B claims with the diagnostic codes of depressiamis¢he

they were classified as not having depression. In the subsequent regressilsnwede
analyzed depression as a binary variable and examined its effect on thildratgon

outcomes of interest.

3.3.4.f.Cognitive conditions

Cognitive conditions were measured based on the presence of ICD-9-CM codes for
psychosis, Alzheimer’s disease, and dementia (indicated in Appendix G) diegmosis
position on the Part A and Part B claims. Studies have suggested that thesedhsss dis
are important indicators associated with significant deficits in cogriiivetion among
PD patients®*°For each of these three cognitive conditions, a binary indicator variable
(1=yes, 0=no0) was created to signify whether patients had any Parts AaomB with
diagnostic codes for the condition of interest. In multivariate analyses, waeslithe
values of these three binary indicator variables (corresponding to psychosisméizéie
disease, and dementia) together for each patient to yield a total courgtasiedigranging
from O to 3) at the patient level. This total disease count reflects patientsllove

cognitive function, with a higher disease count indicating a poor cognitivedangtle
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further looked at the distribution of the cognitive variable in the 8,758 PD sample and
found that around 34% of them had no cognitive condition, 33% had 1 condition, and the
remaining 33% had 2-3 conditions. For purpose of regression analyses, patients were
categorized based on the distribution of cognitive conditions into three groups: ttose wi

0, 1, or 2-3 cognitive diseases.

3.3.4.gComorbidities

Comorbidities were measured at the patient level as a total count of comorbid
conditions present, selected from a list of 184 diagnostic categories (excluding
Alzheimer’s disease, dementia, psychosis, depression, and PD, becausefthe first
diseases were examined in the statistical models and PD was the stusly)diBea list
of those diagnostic categories identified based on ICD-9-CM codes has beenadiypiric
examined in the Diagnostic Cost Group/Hierarchical Coexisting Condition (BCG)
model originally developed by CMS for setting Medicare Advantage capitationgoey
rates'™! This method has been widely used as a risk adjuster because it provides better
predictability of healthcare utilization outcomes (e.g., hospitalizatibas) dther
methods:****°|n this study, we used Part A and B claims data to identify the presence of
184 comorbid conditions. Each condition holds equal weight. Later in regression models,
based on the distribution of the comorbid counts patients were categorized intesjuartil
(i.e., Quartile=1-6 conditions, Quartife7-8 conditions, Quartif9-10 conditions, and

Quartile,=11-22 conditions).
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3.3.4.hDrug burden

Drug burden is defined as the total number of drugs used for PD and diseases other
than PD. Drug burden may affect patients’ adherence to medications inlgenera
studies demonstrated an inverse association between the number of drugs taken and
medication adherence among patients with chronic diseases, such as cardiovascul
diseasé’® and hypertensiott” However, it is unclear whether this association exists
among PD patients. In this study, we hypothesized that PD patients witkr ghesy
burden tend to have poor adherence to APDs than did patients with lower drug burden.

We assessed overall drug burden for each PD patient by summing the number of
PD and non-PD drugs taken during the 19-month study period. Here, we calculated the
number of drugs based on the generic form of the drug. For drugs with the same form,
but different dose strengths, we counted them as one drug, instead of two drugs. When
estimating the effects of overall drug burden on the use of APDs, we excluded the
number of APDs from the calculation of drug burden because APD use is the key
dependent variable. The main interest here is to determine whether the tdial wfim
non-PD drugs (i.e., overall drug burden) is associated with patients’ decisiée to ta
APDs. In the subsequent regression models, we grouped patients into quartiles based on
the distribution of non-PD drugs (i.e., Quart#8-7 drugs, Quartile=8-12 drugs,
Quartile;=13-18 drugs, and Quartiel9-76 drugs).

Conversely, when estimating the effects of overall drug burden on the other two
APD use measures-- duration of APD therapy and adherence to APDs, we focused only
on those patients in our cohort who actively used APDs (i.e., those ®itkPDs). In

this analysis, we calculated the drug burden as the aggregated drug countgrieiudi
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and non-PD drugs). In the subsequent regression models predicting these tweAPD us
measures, patients were categorized into quartiles based on the distribut®n of t
aggregated drug counts (i.e., Quart@9 drugs, Quartile=10-14 drugs, Quartifel15-

20 drugs, and Quartije21-78 drugs).

3.3.4.i.Change in APD therapy

Changes in APD therapy were included as a covariate in analyses of Bvos&P
measures: duration and adherence, rather than analysis of any use because it is
implausible to observe any change in APD regimen among non-APD users. These
changes in APD therapy were assessed by summing the occurrencdstohgvand
augmenting of APDs for each patient. The total occurrences of both range@ fo 8
with a higher frequency of occurrences indicating a higher degree of changes in AP
therapy. We further examined the distribution of the switching and augmentation
occurrences in the 7,583 APD users. Results showed that almost two-thirds (75.0%) of
the 7,583 APD users had no change in their APD therapy, 15% of them had one such
change, and the remaining 10% had changes between 2 and 8. We subsequently

categorized patients as those with 0, 1, or 2-8 regimen changes for megessdyses.

3.3.4.j.Use of preventive healthcare services

Use of preventive healthcare services was measured to determine they“healt
user effect”, or adherence bias, where adherers tend to be healthier @ ieruzajth-
promoting behaviors, thereby having lower healthcare utilization or expenditurés™®
In order to control for such bias, we measured the use of four preventive healthcare

services, including influenza vaccinations, colorectal cancer screenin@tercescer
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screening (for male patients), and mammography screening or pap $imetmsnale
patients}’ We identified these preventive services through Healthcare Common
Procedure Codes (HCPC), Current Procedural Terminology (CPT), and ICD-9 codes
(Table 3.4) using Part B claims data. The number of preventive health seseiter

each patient ranged from 0-3, with a higher number indicating healthiaritxesh®ue to
few patients (n < 200) undergoing all three preventive services, we combiresdgat
with 2 and 3 uses into one group. As a result, the preventive healthcare utilization

variable was categorized into three groups (i.e., 0, 1, or 2-3) in multivariatsesaly

Table 3.4: HCPC/CPT and ICD-9 codes of selectedanive service's°

Preventive services HCPCS/CPT Codes ICD-9 Codes
Influenza Vaccination 90732,90724, 90658,G0008 0481 (only influenza),
V06.6 (both
pneumococcal and
influenza)
Mammography screening 76082, 76083, 76085, 76090, 76091, 76092, V76.11 or V76.12
(Female only) 77051, 77052, 77055, 77056, 77057, G0202,

G0204, G0206,

Pap smear (Female only) G0101, G0124, G0141, Q@®®ANO, P3001, V76.2,V76.47,V76.49,
G0123, G0143, G0144, G0145, G0147, G0148v72.31,V15.89
88141,88142,88143,88147,88148,88150,88151,
88152,88153,88154,88155,88156,88157,88164,
88165,88166,88167,88174,88175

Prostate cancer screening 84153, 84154, G0103, G0102,

(Male only) V76.44
Colorectal cancer 82270, 82272, 82274, 82270, G0328, G0107,
screening G0104, G0105, G0106, G0120, G0121

3.3.4.kLength of long-term-care stay

The length of long-term-care (LTC) stay was defined as the number ®bsay
which patients stayed in facilities with needs for long-term care, inclugditigd nursing
care or non-skilled care (i.e., assisting living care). The rationaladioiding this
variable is that patients with a longer LTC stay tend to have better mediedtierence
because they receive direction administration assistance or at leastssopavith

medication administration from nursing staff during their stay in facilities
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To ascertain the length of LTC stay, we used both MDS data and Part A SNF data.
Appendix A detailed the procedures for operationalizing the length of LTClstayr
PD sample with 8,758 beneficiaries, the length of LTC stay ranged from 0 to 579 days. A
further examination of the distribution of LTC stay showed that over half (52.58t of
8,758 PD patients did not stay in LTC facilities. Around a fourth (23.5%) of them stayed
in facilities for a cumulative period between 1 to 12 months, and the remaining fourth
(24%) stayed in facilities for a cumulative period between 13-19 months oveudlye s
period. We subsequently categorized the 8,758 PD patients as those with 0 month, 1-12

LTC months, and 13-19 LTC months for the regression analyses.

3.3.4.1.Residential status

Residential status was defined as the places in which patients resided during the
study period. Patients could stay in the community, facility, or in the comyramivell
as facility during the 19-month study period. In our analyses, based on wheoz bhod f
long patients stayed, patients were classified into three groups: (1whosgayed in
communities throughout the entire study period, (2) those who stayed in facilities
throughout the entire study period, and (3) those who stayed in facilities some time
during the study period. We used both MDS and Medicare Part A SNF data to identify

the residential settings and the length of residential stay (detaifgopendix A).

3.3.4.mOther potential variables

Two additional variables—death in 2007 and length of Part D drug observation
period—were also measured to account for their potential confounding effects on our
drug measures as well as healthcare utilization and expenditures. Death ira8007 w
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measured as a dichotomous variable indicating whether patients were déae or
during 2007. Length of Part D drug observation was measured for each patient as the

number of Part D enrolled days minus the number of covered Part A hospital/ SNF days.

3.4. Statistical methods

3.4.1. Statistical analyses for Aim 1

Aim 1: To describe APD use and adherence among Medicare beneficiaries with
Parkinson’s disease continuously enrolled in PDPs from June 1, 2006 throughout
December 31, 2007 or death date in 2007.

3.4.1.a.Descriptive analyses for Aim 1

The analyses of Aim 1 were to profile APD use and adherence over the 19-month
course of study for Medicare, PDP enrollees with PD. We examined our thmeeypr
APD use measures (i.e., any use, duration, and adherence) overall and ntréatm
(i.e., mono- and combination-therapy), drug class, and individual drug agetsis&P
was analyzed as a dichotomous variable (any use or no use). Duration of therd@py (DO
and adherence (measured as MPR) were measured among patients with two or more
prescription fills of any studied APDs. DOT was analyzed as aaatafvariable using
the quartile cut-off points (Quartile 145 days, Quartijel46-290 days, Quartde291-
435 days, and Quartije436 -579 days). As well, adherence was examined as a
categorical variable, and patients were divided into six groups based on the{r MPR
0.20, 0.21-0.39, 0.40-0.59, 0.60-0.79, 0.80-0.99, and 1.00-1.99). Given few patients had
an MPR of 0.20 (n=17), we combined this group with the group of 0.21-0.39. As a

result, adherence was categorized into five groups for descriptive purpose.
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In addition, we reported three secondary APD use measures— trends in use,
interruptions, and switching/augmentation occurrences. Trends in APD usesaesseml
among overall PD sample, patients with monotherapy, and patients with combination
therapy. APD interruptions were reported with respect to the percentage®nfspat
experiencing any interruption and patients with different lengths of iptesns (e.g., 30
days or 31-60 days). We reported interruption overall and by treatment-form (nmono- a
combination-therapy). In terms of switching/augmentation occurrencegpoeded (1)
the percentage of patients who experienced regimen changes; (2) ratéstohgwaind
augmentation— defined as the number of occurrences divided by the total patisrafye
follow up— by drug class; (3) the number and percent of switching and augmentation

occurrences between drug classes.

3.4.1.bAdditional analyses for Aim 1
In addition to the main analyses described above, we also conducted two additional
analyses. The first additional analysis was to understand whether APD ieskebyalPart
A SNF status and the length of Part A SNF stay, because patients whatha®R&
events were subjected to a shorter drug observation period due to the exclusion of the
SNF days (i.e., drug information during Part A SNF stay was unavailddeefompared
APD use between patients with and without Part A SNF stay. Further, witientgat
with Part A SNF stay, APD use were compared across four groups defirteelridgrgth
of Part A SNF stay: (1) patients with 1-30 days, (2) patients with 31-60 @ymt{ents
with 61-100 days, and (4) patients with 101-532 days (532 is the maximum length of Part
A SNF stay observed in our PD sample). These cut-off points were chosen to (1)

distinguish the short-stay patients (those wittD0 Part A SNF days) from the long-stay
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patients (those with > 100 Part A SNF days), and (2) to compare APD use outcomes
within the short-stay patients. In this analysis, we focused on four measuseoh APD

use (i.e., any use, duration, adherence, and switching/augmentation) and repseted the
data overall and by drug class.

The second additional analysis was to examine three APD measureseany u
duration, and adherence—across patients with different residential statassérieed
patients into three types of residential status: (1) patients who stayedaorhimunity
throughout the entire study period, (2) patients who stayed in long-term care (LTC)
facilities throughout the entire study period, and (3) patients who had LTG)stayte
time during the study period. We performed this analysis with the assumption that
patients’ medication-taking behaviors substantially differ during LT¢3 déhere
medications are either administered or closely supervised by staff, agdppakiring
community days where patients are responsible for obtaining and taking their
medications.

For these two additional analyses mentioned above, we examined the differences
in the use of APDs (use/no use) across Part A SNF groups or patients wréntliffe
residential status by using Chi-square tests, or Fisher's exaaft szstple sizes in one
or more cells were less than 30. When examining differences in mean duration and
adherence values across the groups, we used one-way analysis of varianc&AJANOV
followed by Duncan’s tests for identifying the difference in means betweemndbps

when ANOVA indicated significance.
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3.4.2. Statistical analyses foAim 2

Aim 2:To examine the factors associated with use and adherence to APDs among
Medicare Parkinson’s patients continuously enrolled in PDPs from June 1, 2006
throughout December 31, 2007 or the death date in 2007

We first conducted descriptive analyses to describe demographics aral clinic
characteristics of Medicare PDP enrollees with PD, overall and by tlajee APD use
measures (any use, duration, and adherence). We examined unadjusted differences in
characteristics with these three APD measures using Chi-squaretestgeforical
variables (e.g., gender). The multivariate analyses consisted of twolpahts first part,
we used Heckman’s two-stage approach to correct for potential samptesddes that
could exist due to non-random selection of the PDP population into the Medicare Part D
program. In the second part, we performed multivariate regression analyesstsoior
three hypotheses in Aim 2, controlling for the sample selection bias iéeéxlstthe
following sections, we first detail the analytical methods for sampletggidunas, and

subsequently describe the statistical models for multivariate regress

3.4.2.a.Heckman correction for sample selection bias in the Medicare Part D population
In this section, we first briefly explain why sample selection bias coulddseptrin
the Medicare Part D population and then describe the Heckman'’s two-stagsiesti

procedures used to account for sample selection bias in our study.

(1) Sample selection bias in the Medicare Part D program
Under the Medicare Part D program, enrollment in drug plans is voluntarydimeli

beneficiaries, except for the dual Medicare/Medicaid eligibles or ldipiemts® The

76



beneficiaries can decide whether to participate in the program, and if so, wthehtwb
drug plans (stand-alone prescription drug plans, PDPs or Medicare Advantage
prescription drug plans, MA-PDs) best meets their needs. This free<@sechption
inevitably leads to a selective, non-random distribution of beneficiarieseshimnlPDPs
and MA-PDs. In fact, a survey of beneficiaries enrolled in the Part D planeveaded
significant characteristic differences between PDP and MA-Pdallees, where the
former tended to be sicker, poorer, and use more prescription drugs than tHe later.
Given poorer health conditions among the PDP enrollees, they might have higher
healthcare utilization, compared to the MA-PD enrolféés.

In our study, we selected our sample from a pool of beneficiaries enrolled in
Medicare PDPs only, not those enrolled in MA-PDs due to lack of their Parts A and B
data, which are required to identify PD and other comorbidities. Using the non-randomly
selected PDP sample could create two major problems. First, our findings loannot
generalized to the broader Part D population, and are only limited to the PDP snrollee
Also, using the PDP-only sample could introduce a sample selection bias, which is
caused by using a non-random selected sample for statistical aff&l¥sits. bias could
attenuate, augment, or change the direction of the estimates of the assbe@teen
factors of interest and APD use/adherence, as well as the associations of APD

use/adherence with utilization and expenditure outcomes.

(2)Heckman’s two-stage procedure for sample selection bias
To correct for this potential sample selection bias in our cohort of PDP enroitees w

Parkinson’s disease, we used Heckman'’s two-stage appfdaatihe first stage, a
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probit model was used to predict the probability of PDP enrollment and generate an
Inverse Mills Ratio (IMR) corresponding to each study subject. The IMResents the
effect of all unobserved variables that can influence beneficiaries’ alesi® enroll in
PDP. In the second stage, we included the IMR multivariate regression rfurdelsing
hypotheses in Aim 2, and tested whether the IMR significantly predicted trmmegof

interest. We detail the procedures of the two-stage Heckman correction mailelves.

First stage: predict PDP enrollment
In the first stage, a probit regression model was used to predict the proladbility
beneficiaries enrolling in a PDP as opposed to MA-PD. A probit model is applied to
binary dependent variables, and is used to predict the probability of having or not having
an outcome event. The function form of a probit model is expressed as:
Pr(Y=1|X)= (Xb) =standard normal CDF
Where: Y = 1 when beneficiary enrolled in PDP and Y = 0 when beneficiary ehirolle
MA-PD; the probability is modeled as a linear combination of the predict@bles, X,
and their parameter estimates, b; ands the cumulative distribution function (CDF) for
the standard normal distribution. The probit model estimates the probabilityotifrenr
in PDPs, conditional on observed factors (e.g., gender and race). Furthegratgethe
cumulative probability distribution of PDP enrollment. Then, the probability of PDP
enrollment is divided by its cumulative probability distribution, which gatesrinverse
Mills Ratio (IMR). IMR represents the effect of all unobserved variatlascan

influence beneficiaries’ decisions to enroll in PDPs.

78



We conducted the probit analysis predicting PDP enrollment among the2€ftge
2007 5% CCW population who had evidence of enroliment in Part D plans (either PDPs
or MA-PDs). We selected this entire Part D population using the CCW denomifegor fi
without applying any of our sample inclusion and exclusion mentioned under Sample
Selection in this chapter. A total of 1,462,312 beneficiaries (56% of the entire 5% CCW
population) was enrolled in Part D plans during 2006 and 2007, with close to 3 times as
many self-selecting into PDPs compared with MA-PDs (72% vs. 28%).

Variables in the probit model to predict the PDP enrollment included age, sex, race,
residency, death in 2007, and comorbidities. In addition to those variables, we also
included two instrumental variables (IVs): (1) number of different MedicakeaAtage
prescription drug plans available to beneficiaries, derived from treeKBamily
Foundation analysis of the CMS Medicare Advantage Landscape Source file for 2006,
and (2) percentage of employees offered health insurance, derived from 28i@éIMe
Expenditure Panel Survey (MEPS). These two variables were measured kvetabut
not patient level due to lack of such information on each individual. We selected these
two IVs because they were (1) demonstrated to be negatively associdt&DR
enrollment (vs. MA-PD enroliment); (2) independent of the covariates (i.e.,
demographics, comorbidities, and death in 2007); and (3) independent of our APD use
outcomes (e.g., APD adherence) given PDP enroliment and the covariatesnWe the
linked these two IVs to the Part D enrollees (n=1,462,312) through state codes. After
performing this first-stage probit model, we generated an InverseRétis (IMR) for
each beneficiary with evidence of Part D enroliment. The following equdtmmssthe

functional form of the probit model:
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Pr [PDP enrollment >0] =+ 1Age + , Gender + 3 Race + 4 Residency +sDeath in 2007 +
2 Comorbidities + g # of PDP plans available at the state levelpercentage of employees
offered health insurance at the state level

Second stage: correct sample selection bias by incorporating Inverse Mills M&) (I

In the second stage, we retained the IMR values corresponding to our PD sample
of 8,758 patients and then incorporated those IMRs as a covariate into our main
regression models for APD use outcomes. We observed that IMRs were siggificant
associated with any APD use, which suggests a presence of samplersbéiastia our
PD sample. Therefore, to correct this bias, we included the IMR along with other
covariates in all models for APD use, DOT, and adherence outcomes. In the result
section, we report the Heckman-corrected estimates along with their 3586¢CP-
values for all models. In the following sections, we detail multivariate segne models

used to test our three hypotheses in Aim 2.

3.4.2.b.Hypothesis testing for H2.1

H2.1: PD patients who are younger, are white, are low-income subsidy eligible, haye
neurologist visits, have no cognitive impairment, have no depression, have a lower
number of comorbidities, have fewer non-PD drugs, and have a higher use of preventive
services are more likely to use APDs.

We conducted a multivariate analysis to examine factors associated withgePD
(dichotomized as use=1 or no use=0) among the overall cohort of 8,758 PD patients. In
this analysis, our main outcome of interest was the prevalence of APD yse (i.e.
percentage of patients with APDs) over the 19-month study period. We estihmted t
associations between the prevalence of APD use and related factorsgyyregailence

rate ratio (PRR)For examplethe following 2x2 table illustrates the calculation of PRR
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of APD use by a single factor, such as gender. The PRR was calcult#teesvalence
of APD use in the female group divided by that in male group. The PRR of 1.01 means

that the prevalence of APD use for the females was 1% higher than thatricaldse

Use of APDs
Use Nouse  Total
(patients)  (patients)
Gender Females 4,613 636 5,249
Males 3,093 416 3,509
8,758
PRR= | o 1+
o*( l)%&*( ’

To obtain adjusted PRR, we used the “Modified Poisson” approach. This approach
has been demonstrated effective for accurate estimations ofP&R| is widely used in
studies with prevalence outconmé$.'?®> The modified Poisson approach involves fitting
a generalized linear model to the data with a Poisson distribution and a log link {the log
Poisson model), along with the robust standard errors using “sandwich” estif&tion
Using the log-Poisson model allows us to obtain “rate ratios” without having non-
convergence issues raised by using log-binomial models. Binomial modelsoma
converge to correct estimates due to restrictions on the parameter space bguhded b
1, thus not being able to generate “rate ratio” estimates. The additionalrobestf
standard errors is to prevent the overestimation of standard errors likelyirngauthe
log-Poisson models.

Before performing multivariate analyses, we examined potentialcolliliearity
among independent variables using tolerancevandnce inflation factor (VIF)
diagnosticg?’ Tolerance represents the degree to which the variance of an outcome
explained by an independent variablaarelated to that of other independent variables
in the model. Tolerance ranges from 0 to 1, with a higher tolerance indicatingra low

degree of multicollinearity. Tolerance is calculated Bslérance=1-R “, whereRi
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indicates the proportion of variance that an independent variable shares with other
independent variables in models.

VIF is the inverse of the tolerance, with a higher VIF indicating a higtgnee of
multicollinearity. A beta coefficient of a variable with a VIF of 2, é&ample, means
that its variance estimate is 2 times higher than it would be without mutteznlity. In
our study, a VIF of 2 or higher, or tolerance d.5 suggests the presence of
multicollinearity problem among independent variabfés.

After examining the multicollinearity, we excluded two factors: ¢(gkidential
status, which had a VIF of 6 due to its high correlation with LTC stay, andRayt'D
drug observation perdy, which had a VIF of 5 because of its high correlation with death
in 2007. Not only were they highly corrected, brgsidential statusexplained less of
the variance of APD use outcomes than did LTC stay (0.5% vs. 1.0%). AsReatl D
drug observation periddaccounted for less variance than did death in 2007 (0.2 % vs.
0.4%). After excluding these two factorsgSidential statusand “Part D drug
observation perio§, we obtained a final model for testing our Hypothesis 2.1, which
consisted of 13 variables as indicated in Equation (1). The operationalization of these
variables was listed in Table 3.5. In this model, we report adjusted estim&ie&dor

APD use with 95% confidence intervals (Cl) and P-values.

(1) Log [Pr (APD Use=1)] =+ 1Age + , Gender + 3 Race + 4 Resident region +5LIS
status + ¢ Early/late enrollment ; Neurologist visits + g Comorbidities + jDepression +
10Cognitive function + 1o # of non-PD drugs +,,.LTC stay + 1,preventive services use+
13Death in 2007 +4; Inverse Mill's Ratio (IMR)
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Table 3.5: Operationalization of independent vdeslin models for testing hypotheses in Aim 2

Independent Variables

Operationalization

Age Categorized as <=64, 65-74, 75-84, or 85+

Gender Categorized as male or female

Race Categorized as white, black, and other inatuispanic, Asian, and other
race/ethnicity

Residency Categorized as northeast, northcestrath and waste based on US census reg

Low-income subsidy
(LIS) status

Dichotomized as LIS if patients received full ortg subsidy for Part D plan

premium and drug costs over the half of the obdenvaeriod; otherwise, non-LI1$

PDP Enrollment period

Dichotomized as early enedll# patients enrolled prior to January 1, 2006,
late enrollees if they enrolled between Janua®006 and May 15, 2006

Seen by neurologists

Dichotomized as ever seeatigmts had service(s) with the CMS specialty cod
13, or not seen, otherwise

Depression

Dichotomized as depressive patientejf had at least one depression claim, of
non-depressive patients, otherwise

Cognitive conditions

Categorized as 0, 1, or 2-gnitive conditions based on the distribution of the
cognitive counts

Comorbidities

Categorized into four groups (1-®, ®-10, 11-22) based on the™?50", and 75' |
percentile of the distribution of comorbid counts

Changes in APD
therapy

Categorized as 0, 1, or 2-7 changes based on theaso 78 percentile of the
distribution of overall switching/augmentation oo@nces

Drug burden

Categorized into four groups (0-7, 841218, 19+) based the 250", and 7%
percentile of the distribution of non-PD drug caunt

ICategorized into four groups (0-9, 10-14, 15-20;)Xased the 25 50", and 7%’
percentile of the distribution of overall PD anchA®D drug counts.

ion

D

Long-term care (LTC)
stay

Categorized as 0 month (i.e., community patierts)2 months, and 13-19 month
based on the 30 and 7% percentile of the distribution of LTC stay

n

Preventive service use

Categorized as 0, 1, ands28based on the distribution of number of préwen
service use

Death in 2007

Categorized as yes if patients diedp if patients were alive.

Inverse Mill's Ratio

Included as a continuous vhlia

Yariables were controlled in model with durationagiherence as a dependent variable.
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3.4.2.c.Hypothesis testing for H2.2

H2.2: PD patients who are younger, are white, are LIS eligible, have neurologist visits,
have no cognitive impairment, have no depression, have a lower number of
comorbidities, have a lower number of PD and non-PD drugs, have a lower number of
changes in APD therapy, and have multiple use of preventive services are mote likely
have longer duration of APD therapy.

A multivariate analysis was conducted to examine factors associdtedusation
of therapy (DOT) among the 7,583 patients with prescriptions of any studied APDs
(two fills were required to measure DOT). Due to the highly left-skeweddison of
DOT, we analyzed it as a categorical variable and divided patients intdepibased
on the distribution of DOT cut-points400 days, 401-539 days, 540-578 days, and 579
days). We are unaware of any software available for fitting nauttial types of
regressions for prevalence rate ratios (PRRs), the main estimatesr@$t. Current
software for multinomial models is designed to estimate “odd ratios” (@&kgr than
PRRs, and it estimates the ORs simultaneously. Thus, we then performied afse
separate binary models comparing each group against the reference grouphand ea
model used the Modified-Poisson regression with robust standard errors to oliRain PR
As illustrated in the following, there are three separate single binadgls and each
model generates the estimates of factors of interest (e.g., agag)iveneDOT subgroup
compared to the reference group (DOMOO days).
Binary Model 1: DOT 401-539 days group (vs. DOMO days) =X+ X:* age +...
Binary Model 2: DOT 540-578 days group (vs. DOIO days) = ¥+ X1* age +...
Binary Model 3: DOT 579 days group (vs. DO400 days) = ¥+ X;* age +...

As mentioned, we categorized DOT mainly due to its negatively skewed

distribution with over half of PD patients (54.0%) having a DOT greater than 540 days.
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Another important reason for DOT categorization is that given its skewnesse

unable to assume either a linear or monotonic relationship between DOT and

utilization/expenditure outcomes (our main analyses in Aim 3). The catego@dal

data do not require the assumptions of linearity or normality, and they provide more

detail information than do dichotomous data, and it. It is noted that we attempted to take

a log-transformation of DOT to correct for its non-normality, but refrained tfommg

so because the log-transformed DOT remained skewed with a large degrestev cl

having the longer duration.

After the examination for multicollinearity using tolerance and variandatiorh

factors (VIF) diagnostics, we included 14 independent variables of interests shown i
Equation (2) to test Hypothesis 2.2. The operationalization of those independent variables
was listed in Table 3.5 (presented at the end of Section 3.4.2.a). As with Hypothesis 2.1,
“residential statusand “Part D drug observation periddvere excluded due to their

high collinearity with LTC stay, and death in 2007, respectively. We performes thre
separate binary models regressing each of the three duration subgroups: (noedjum, |
maximum DOT) against the reference group (short DOT). In each maeleéparted

adjusted estimates of PRR along with 95% confidence intervals (Cl) andd.val

(2)Log [Pr (medium, long, or maximum DQ/B. short DOT)]= o+ 1 Age + , Gender + ;3
Race + 4 Residence +5LIS status + gEarly/late enrollment ; Neurologist visits +
gComorbidities + gDepression + gCognitive function + 1, # of PD and non-PD drugs +
11 Changes in PD therapy +LTC stay + ispreventive services us +4Death in 2007 +
1sInverse Mill's Ratio (IMR)
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3.4.2.d. Hypothesis testing for H2.3

H2.3: PD patients who are younger, are white, are LIS eligible, have neurologist visjts,
have no cognitive impairment, have no depression, have a lower number of
comorbidities, have a lower number of changes in APD use, have a lower number of PD
drugs and non-PD drugs, and have a higher use of preventive services are more likely to
have higher APD adherence.

To examine factors associated with adherence to APDs (measured asaMPR)
multivariate analysis was conducted among the 7,583 patients ugiAdg’D
prescriptions (two data points were required to measure MPR). Due to thedkgivgd
distribution of MPR (i.e., 52.1% of the APD users with an MPR®®), we treated
adherence as a categorical variable, and divided patients into quartitesdigttibution
of MPR cut-points (0.79, 0.80-0.89, 0.90-0.99, and =1.00, corresponding to low,
moderate, high, and optimal MPR, respectively). We capped an MPR of > 1.0 at 1.00
because it was unlikely that patients would have overused APDs. The majority (96%) of
patients with an MPR 0f1.00 (n=1,608) had a 15 days’ supply of APDs or less (i.e.,
MPR=1.00 to 1.15), a reasonable amount of stockpile. Also, the MPR.6D might be
due to the exclusion of covered Part A SNF/hospital days from the denominator of MPR
calculation, rather than the overuse of APDs.

As mentioned earlier, no software is available for estimating PRRmirtenomial
regression model where the pairs of categories on outcomes are compared
simultaneously. Thus, we performed three separate binary models regesssiraf the
three adherence subgroups [moderate MPR (0.80-0.89), high MPR (0.90-0.99), and
optimal MPR (1.00)] against the reference group (low MPR, i@79. For each binary
model, the Modified-Poisson regression with robust standard errors approach aves use

generate PRRs . We included 14 factors in the final model for testinotiviygis 2.3 after
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performing multicollinearity diagnoses (Equation 3). The operationalizatithosé 14
variables is listed in Table 3.5. As mentioned earlier, we refrained from ingltwo
variables—residential status and Part D drug observation period— due to their high
collinearity with LTC stay and death in 2007, respectively. In these sodelreported
adjusted estimates of PRR for higher adherence (i.e., moderate, high, and MdgtiR)a
with 95% Cls and P-values.

(3) Log [ Pr (moderate, high, or optimal MPR vs. low MPR)}= ; Age + , Gender + 3
Race + 4 Residency +5LIS status + gEarly/late enrollment ; Neurologist visits +
gComorbidities + gDepression + gCognitive function + 1o # of PD and non-PD drugs +
11 Changes in PD therapy +,LTC stay + jispreventive services use +,4Death in 2007
+ isInverse Mill's Ratio (IMR)

The following table summarizes statistical models for testing hypathegem 2.

Hypothesis Dependent variableg Independent vasable Statistical models
H21 Use of APDs Age, gender, race, residency, seen|bylodified-Poisson
(use vs. no-use) neurologists, LIS status, depression,generalized linear model

comorbidities, cognitive conditions, | (GLM) with sandwich
drug burden, LTC stay, preventive| estimation
services use, and death in 2007

H22 Duration of therapy Change in APD therapy as well as 13 separate Modified-
( 400, 401-539, variables listed in H 2.1 Poisson models with
540-578 , and 579 days) sandwich estimation
H23 Adherence to APDs | Change in APD therapy as well as 13 separate Modified-
(MPR 0.70, 080-0.89,| variables listed in H 2.1 Poisson models with
0.90-0.99, and 1.00) sandwich estimation

3.4.2.e.Additional analyses for Aim 2

A sensitivityanalysis was conducted to assess the robustness of our main analyses
results when a subpopulation with a potentially questionable definition of PD was
excluded. It has been suggested that PD patients who have a history of dandotia
Alzheimer’s disease may not be true PD cases. Those patients with the higydnave
been diagnosed with dementia or Alzheimer’s dispase to the onset of PD, whereas

true PD cases typically exhibit characteristic motor symptoms bfergevelopment of
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cognitive deficits® ° For patients whose dementia occurs before established PD, they are
diagnosed as Lewy body dementia (i.e., LBD); those whose Alzheimer&sdis&hibits
prior to the onset of PD are diagnosed as Alzheimer’s disease related parkingenjs
AD-related PD). Clinically, drug treatment plans for typical PD patidiftsr from that
for patients with LBD or AD-related PD, which the latter group tends ty dietause of
dopamine precursors, compared to the PD patients.

To perform this sensitivity analyses, we replicated the multieaaatlyses
presented earlier for estimating factors associated with three ARRD use measures
(any use, duration, and adherence) among the subset of PD patients without a history of
Alzheimer’s disease or dementia (i.e., excluding those with the diseas®)hilst our
study, patients were identified as having a history of Alzheimer’s disgatEmentia if
they had any diagnosis for these diseases during a 3-year period from 2003-2005. Thi
criterion was used based on CCW predefined indicator for Alzheimer’s desedies
dementia. Essentially, this sensitivity analysis aims to answerséigquéhat “Will study
results derived from the subset (without disease history) remain consisteat froimn
the overall sample (with and without disease history)?” The results of the $eanmati
analyses were presented as prevalence rate ratios (PRRs), whictestiiesstrength of
the associations between factors and APD use outcomes. The multivaridsedesued
from the subset (without disease history) were examined to determine Wehey

consistent to those observed in the overall PD patients (with and without such a history).
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3.4.3. Statistical analyses for Aim 3

Aim 3: To investigate the association of APD use and adherence with health utilization
and expenditures among Medicare PDP enrollees with PD, after adjusting for patients’
demographics (age, gender, race/ethnicity, and residency), physician specialty, low-
income subsidy (LIS) status, medical conditions (comorbidities, cognitive function, and
depression),medication-related characteristics(drug burden and changes in APD
therapy),long-term care (LTC) stay, health-promoting behavior (use of previaetlif
services),and healthcare utilization at baseline.

In the Aim 3, we conducted both descriptive and multivariate analyses to examine
unadjusted and adjusted associations between APD use and adherence (independent
variables) and healthcare utilization and expenditure outcomes (dependdsiesarkor
utilization outcomes, we reported (1) number and proportion of patients with use of each
of five health services (i.e., hospitalizations, ER visits, Part A SNF egisbittA
episodes, and office-based physician visits); and (2) rate of utilization fooé#w five
services. The utilization rate was calculated as the total number efapssibdes divided
by the follow-up period (number of months alive) for each patient. The utilization
outcomes in relation to all causes, PD only, and PD-related comorbiditieanatyzed
overall, and by three major APD use measures: (1) APD use (users vs. non-2jsers), (
duration of APD therapy (400 days (reference), 401-539 days, 540-578 days, and 579
days) and (3) APD adherence (MPR79 (reference), 0.80-0.89, 0.90-0.99, and 1.00].
The analysis for the use of APDs was conducted in the overall cohort of 8,758 PD
patients, while the analyses for duration and adherence measures were perfoneed in t
subsample of 7,853 patients with at least two fills of any of the studied APDs.

For expenditure outcomes, we reported unadjusted means, SD, and median of
total, Part A, Part B, and Part D expenditures overall, and by the three APRaseres

[APD use (use/no use), duration (maximum/long/medium vs. short DOT), and adherence
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(optimal/high/moderate vs. low MPR). In this study, we did not examine the exgendit
outcomes by the three specific disease groups (all causes, PD-only, aelated-
comorbidities) due to inability to differentiate expenditures incurred byrigeBD and
other comorbidities of a patient.

When examining the unadjusted differences in utilization and expenditure outcomes
between two groups within each APD use measure, we used Chi-square tests for the
comparison of percentages and t-tests/ANOVA for the comparison of meansesnd rat
After conducting the bivariate analyses, we then performed multivanalgses to
examine the association of APD use and adherence with healthcare utilization and
expenditures. In the multivariate models, we controlled for the sampleicelbicts by
including Inverse Mill’s ratio (IMR). This is because with the Heckman $tegre
approach, we observed that IMRs were significantly associated withliaktion and
expenditure outcomes, an indicative of sample selection bias in our PD sample. In the
result section, we report the Heckman-corrected estimates along witB3#eCls and
P-values for all models in Aim 3. In the following sections, we detail multitearia

regression models used to test six hypotheses in Aim 3.

3.4.3.a. Hypothesis testing for H3.1.1

H3.1.1: Compared to no use by patients with PD diagnosis, use of APDs is associated
with lower hospitalizations, emergency room (ER) visits, skilled nursingyfd&NF)
episodes, and home health agency (HHA) episodes, but higher office-based physician
visits, after controlling for other covariates.

To test Hypothesis 3.1.1, we examined the association of APD use with five
utilization outcomes (hospitalizations, ER visits, Part A SNF episodes, ¢iitbdes,

and physician visits), adjusting for covariates and sample selection biag #raon
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overall cohort of 8,758 PD patients. The utilization outcomes were assesg#idatfon

rate, calculated as the total number of episodes/visits divided by the length ofailuser
period for each patient. The reason for analyzing utilization outcomes t@snagasure

was that our PD sample consisted of 1,272 patients who died in 2007. Those who died
had a shorter observation period, thereby having fewer observed utilizationtbaants

did the survival. A method suggested to deal with unequal observation periods among
individuals is to model utilization rate (i.e., mean count per unit tiife).

APD use, the key independent variable, was analyzed as a dichotomous variable
(users/ non-users) to examine overall whether patients’ use of APDsswasaded with
their healthcare utilization. In addition, we also analyzed APD use asgodatl
variable to discriminate between APD-use groups in terms of the impactipatiotn
outcomes. The reason for conducting a categorical analysis on APD use is that a wide
range of APD use (from 1 to 126 APD prescription claims) was observed withirPtbe A
users. In this study, we categorized patients into 5 groups, including non-AROieser
0 APD prescriptions) and 4 APD-user groups (1-12, 13-18, 19-28, and 29+
prescriptions). These four user groups were classified by the quaftites distribution
of 30-day standardized APD prescriptions among the 7,706 patients UsiAgDs.

To determine the specification of regression models for our five utilization
outcomes (hospitalizations, ER visits, Part A SNF episodes, HHA episodes, and
physician visits), we first investigated the distributions of those outcomgsnkral, we
observed that all five distributions were right-skewed and non-normal with arabdist

patients having zero or low utilization. The proportion of patients with zero utiizafi
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any outcome ranged from 8.8% for physician visits to 71.8% for Part A SNF services
during the 19-month study period.

Because of the non-normality feature of our utilization outcomes, using a
traditional ordinary least squares (OLS) approach for those utilizatiansdadt feasible
for four reasons. First, our right-skewed utilization outcomes do not sétesfyltS
normal assumption; that is, dependent variables are normally distributed. Second, OLS
regression provides unbiased estimates of the association between outcomes and
independent variables only if the association is linear in nature. However, aatiot
data violate this OLS linear assumption as the relationships between ouriomilizat
outcomes and dependent variables are nonlinear based on our preliminary analyses.
Third, we also confirmed that our utilization outcomes violate another Olughasisn,
which is homoscedasticity of residuals. The OLS homoscedasticity pssamequires
that the variance of residuals (difference between expected and observeddlieom
constant across all observations. However, our utilization data do not satisfy this
assumption. Finally, the OLS approach may provide negative predicted estiviats
are not meaningful for utilization data because the degree of utilization igsadwa
positive value in nature.

One conventional way to deal with non-normal outcomes is to log-transform the
outcomes, and then to fit the log-transformed outcomes in OLS models. This approach
may mitigate the degree of non-normality and heteroscedasticity (i.econstant
variance of residuals}° We attempted to make a log-transformation of our utilization
data. However, the log-transformed utilization data remained largely naralipr

distributed. Accordingly, we used the Generalized Linear Model (GLM) appraac
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method commonly used to model non-normal outcorfigs:We elaborate the theory of

GLM as follows.

Generalized Linear Model (GLM) approadh 3!

In the GLM, a dependent variable (Y) is linearly associated with a series of
independent variables (X) through a link functien. (The general structure of a GLM
can be expressed as follows:

J01 34156,/ 189:<=<>?>@A B>C@:><D@>;E
wherei refers to an observation;is a vector of unknown coefficientsjs an error term.
The link function () describes the relationship between expected values of a dependent
variable[E (Y)] and the linear predictodé . For example, for a model with a linear
relationship betweefkt (Y)] andX , the link function is an “identity function”.
Generally, this “identify function” is used for normally-distributed continuousarue
variables. In contrast, for a model with a log-linear relationship, in which the [&g of
(Y)] is a linear function oX , the link function is specified by a “log function”. This
“log function” is used for discrete outcome variables (e.g., count dataglbasmon-
normally distributed continuous variables (e.g., expenditure data).

Another important feature of GLM is that the dependent variable (Y) has a specifi
probability distribution. This distribution function describes the relationshipdsstihe
variance and mean of the dependent variable. For example, a continuous outcome with a
normal distribution indicates that its variance is constant and does not depend on its
mean. Conversely, a continuous outcome with a gamma distribution shows that its

variance is proportional to its mean. We list a number of probability distributions, along
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with the corresponding outcome variable, variance-to-mean relationship|lasw

commonly used link function in Table 3.6.

Table 3.6: Probability distributions commonly séeGeneralized Linear Modéfs

Probability Outcome variable Variance to meatationship Link function
distribution
Normal Continuous Constavit Identify
Gamma Continuous variance is proportional to the squared Log
mean (F G F )
Poisson discrete (count variance is equal to mean!(\3 Log
data)
Negative discrete (count variance is proportional to mean Log
binomial data) F! FI F JKZ

#Mean is denoted by p and the variance/by

Essentially, the GLM contains a variety of forms characterized byrhportant
components: a link function and a distribution function. With these two features, the
GLM is more flexible than traditional OLS in analyzing non-normal data. Tt G
approach can accommodate skewness and heteroscedasticity (that is, nar-consta
variances) in various types of outcome variables through prior specification of an
appropriate link function and probability distributitat. **!' **?As indicated in the above
table, several probability distributions are available in the GLM and thosibdiigtns

are suitable for various types of data including continuous and courttdata.

Examining the distribution of utilization count data: Poisson or negative binomial

As mentioned earlier, in Hypothesis 3.1.1, the utilization outcomes were assessed
by the total counts of episodes/visits among the follow-up periods at the patenie
noted above in Table 3.6, our utilization count data may follow one of two distributions:
(1) Poisson distribution where the variance is equal to the mean, or (2) negativeabinom
distribution where the variance exceeds the mean. To further determine mdhethe

utilization count outcomes fit to Poisson or negative binomial distribution, we used
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likelihood ratio tests>* To perform the likelihood ratio test, we first ran two separate
GLMs, with one using Poisson distribution and another using negative binomial
distribution, and then recoded the log likelihood for each model. Finally, we computed
likelihood ratio statistics as:
Likelihood ratio= -2 x [Log Likelihood (Poisson) — Log Likelihood (negative binomial)]
The distribution of the likelihood ratio statistic follows a Chi-square distobukith
1 degreef freedom. A significant likelihood ratio statistic indicates that the meeand
mean of our utilization data are not equal, and this means that the utilization data do not
follow Poisson distribution, but negative binomial. After examining our five utiinat
outcomes (hospitalizations, ER visits, Part A SNF episodes, HHA episodes, and
physician visits), we confirmed that they followed a negative binomialluistn as
likelihood ratio statistics for all utilization outcomes were significtni<0.05. Thus, we
used GLM with a negative binomial distribution to examine the associations between
utilization outcomes and APD use measures. The link function for the negative binomial
distribution is log link (see Table 3.6). This is because the log of utilizatiooroetts a
linear function of independent variables. Equation (1) shows the function form of

negative binomial GLMs with a log link function for our utilization rate outcomes.

(1)Log [E (utilization rate)]=Log [E (# of UTILIZATION OUTCOMES, or Y)(# of months
alive, ort)] = o+ APD use+ ,Age + ;Gender + 4 Race + 5 Residency +4LIS status
+ ;Early/late enrollment g Seen by neurologists 4 Comorbidities + ;oDepression +
11 Cognitive function + 1, # of non-PD drugs +3L TC stay + 14 Preventive services use +
15 Baseline utilization + jgInverse Mills Ratio (IMR)

Or equivalently (using the fact that log (Y/t) = log(Y)-log (t))

(1.1)Log E [# of UTILIZATION COUNTS] =
ot 1APD use+ ,Age ++ ; Gender + 4 Race + 5 Residency +4LIS status + -
Early/late enrollment g Seen by neurologists +Comorbidities + ;oDepression + 13
Coghnitive function + 1, # of non-PD drugs +5L TC stay + 14 Preventive services use +
1sBaseline utilization + 1sIMR + log # of months alive
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When modeling the negative binomial GLMs with statistical software (eA§),S
we used the functional form in Equation (1.1) where the log number of months alive (the
denominator of utilization rate) was moved to the right-hand side of the equation and
included as a covariate with a constant coefficient of 1. In the statistiti@xt, this
variable is called aroffset variable!*

In the above equationgTILIZATION COUNTS indicated the number of uses of
five health services (hospitalizations, ER visits, Part A SNF episbitles episodes, and
physician visits) in relation to three disease categories (all causesly3[and PD-
related comorbidities) during the study period (6/1/2006-12/31/2007). We also measured
the utilization outcomes at the baseline (1/1/2006-5/31/2006) and controlled them as a
covariate in the GLMs with the same respective utilization outcomes (e ginbaal-
cause hospitalization was controlled in the model predicting follow-up alecaus
hospitalizations). The adjustment for baseline utilization is to control itetgite
confounding effect on the follow-up use of healthcare services as well as APD

Along with the baseline utilization, we also controlled for other variables
associated with APD use and utilization outcomes, including demographicgéader,
race, and residency), LIS status, early/late enroliment, seen by néstlog
comorbidities, depression, cognitive function, drug burden (number of non-PD drugs),
LTC stay, preventive services use, and Inverse Mills Ratio (IMR). The apexti¢ation
of those covariates was detailed in Table 3.7. It is noted that when modelikgJtF
utilization outcome, we excluded LTC stay due to its high collinearity with th@fus
Part A SNFs. From the negative binomial regression model, we obtained aradjust

estimate of rate ratio (RR) of APD use by taking the anti-natural logafaéfficient ;
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APD usein the Equation (1.1) for each of the five utilization outcomes. In this analysis,

RR was interpreted as the utilization rate of the APD users as comparesom{A&D

users. In the result section, we reported the RRs for APD use along with their 95%

confidence intervals (Cl) and p-values.

Table 3.7: Operationalization of covariates in nieder testing the hypotheses in Aim 3

Covariates Operationalization

Age Categorized as <=64, 65-74, 75-84, or 85+

Gender Dichotomized as male or female

Race Categorized as white, black, and other (imetuHispanic, Asian, and other
races/ethnicities)

Residency Categorized as northeast, northcestrath and waste based on U.S. census reg

Low-income subsidy
(LIS) status

Dichotomized as LIS if patients received full ortp subsidy for their Part D drug
plans over the half of the observation period; otlee, non-LIS

Early/late enrollment

Dichotomized as early enmdlé patients enrolled prior to January 1, 2@9date
enrollees if they enrolled between January 1, 20@6May 15, 2006

Seen by neurologists

Dichotomized as ever seeattidms had service(s) with the CMS specialty code
13, or not seen, otherwise

Comorbidities

Categorized into four groups (1-@,®-10, and 11-22) using the cut-off points
corresponding to the quartiles of the distributddrcomorbid counts

Cognitive conditions

Categorized as 0, 1, or 2-gnitive conditions based on the distribution of the
number of three cognitive conditions (Alzheimedsmentia, and psychosis)

Depression

Dichotomized as depressive patienteif had at least one depression claim, or
non-depressive patients, otherwise

Changes in PD
therapy

Categorized as 0, 1, or 2-7 changes based on thesa 78 percentile of the
distribution of overall switching/augmentation oo@nces

Drug burden

Categorized into 4 groups (0-7, 8-B18, and 19+) based the"™2%0", and 7%’
percentile of the distribution of non-PD drug caunt

ICategorized into 4 groups (0-9, 10-14, 15-20, aht) dased the 35 50", and 7%’
percentile of the distribution of total drugs (inding PD & non-PD drug counts)

Long-term care
(LTC) stay

Categorized as 0 month (i.e., community patiedts)2 months, and 13-19 monthg
based on the 30 and 7% percentile of the distribution of LTC stay

Preventive services
use

Categorized as 0, 1, and 2-3 uses based on thibdigmn of the uses of selected
three preventive services [influenza vaccinatiaQi@ctal cancer screening,
mammography screening/paper smear , and prostatercscreening |

Baseline utilization

Dichotomized as yes if patsehad utilization of interest (hospital, ER, Part
SNF, HHA, and physician services) at baseline 20@6-5/31/2006), or no if
patients had no such utilization

Inverse Mills Ratio
(IMR)

Continuous variable, calculated as the probalilitgnrolling PDPs divided by the
cumulative probability of PDP enrollment. IMR repeats the effect of all
unobserved variables that can influence benefesadecisions to enroll in a PDP.

Death in 2007

Categorized as yes if patients died in 2007, of patients were alive

TOnly controlled as a covariate in utilization/exgitare models where the key independent variable is
either duration of APD therapy or adherence to ARias use of APD3.

2 Only controlled as a covariate éxpenditure modelswhere the key independent variable is use of APDs,
duration of APD therapy, or adherence to APDs.
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3.4.3.b. Hypothesis testing for H3.1.2

H3.1.2: Compared to no use by patients with PD diagnosis, use of APDs is associated
with lower total expenditures, Part A expenditures, and Part B expenditures but higher
Part D expenditures, after controlling for other covariates.

To test Hypothesis 3.1.2, we examined the association of APD use with Total, Part A,
Part B, and Part D medical expenditures adjusting for other covariates and sample
selection bias among the overall cohort of 8,758 PD patients. The dependent variables,
expenditure outcomes, were analyzed as continuous variables. The key independent
variable, use of APDs, was analyzed in two different forms: (1) as a dichotomous
variable (APD users or non-APD users), and (2) as a categorical vaciaated by
dividing patients into five groups based on the number of 30-day standardized APD
prescriptions during the study period (0, 1-12, 13-18, 19-28, and 29+ prescriptions). The
cut-off points for the four APD-use groups were selected because theyppergimate
guartiles of the number of 30-day standardized APD prescriptions among theBysers
assessing two different forms of APD use, we were able to differentiggaditure
outcomes between users and non-users, and between users with a varied use of APDs

Before determining the specification of regression models for our expenditure
outcomes, we investigated their distributions and observed the presence of bighly ri
skewed, non-normal distribution in Total, Part A, Part B, and Part D expenditure data.
Notably, a substantial proportion of patients (47%) did not incur any Part A expenditures
during the study period. To account for the non-normality of our expenditure data, we
used the GLM approach detailed in the previous section. As indicated in the previous

table listing the types of GLM probability distributions (Table 3.6), a p@tignsuitable
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distribution for our skewed continuous expenditure data is the “gamma distribution”,
because the variance of the expenditure data is likely proportional to its sqeamed m
To confirm whether our expenditure data fit properly the gamma distribution, we
used the Modified Park té8% a suggested diagnostic tool for identifying the probability
distribution of expenditures data in GLMs. This test examines the relationshipenetw
the raw-scale variance and raw-scale mean of expenditures data, lsgiregtiee
squared residuals (i.e., differences between the predicted and observed expgoditures
the predicted expenditures. We used the procedures of the Modified Park tesigfrom t
book “Economic Evaluation in Clinical Trials” by Glick, Dosh, Sonnad, and PdfSky.
We detail each procedure of the test as follows:
Stepl Estimate a GLM regression on expenditure data assuming a gamniautigstri
and log link
Step 2 Generate the predicted expenditures and residuals from the GLM model
Step 3 Generate log-transformed predicted expenditures and the squared residuals
Step 4 Regress the squared residuals on the log of the predicted expenditures by using
the gamma GLM with a log link function.
Step 5:1dentify the appropriate GLM probability distribution based on the coefficient

value for the log-transformed predicted expenditures (In_yhat) as:

Coefficient Probability distribution Statisticalst

0 Normal Test In_yhat=0
1 Poisson Test In_yhat=1
2 Gamma Test In_yhat=2

As indicated in the above table, if a coefficient shows no statistically iseymif
difference from a value of 0, it indicates that the expenditure outcome folloarsreal

distribution where the variance of the outcome is constant. A coefficient thahalbes
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significantly differ from 1 indicates that the expenditure outcome follows ss&oi
distribution where the variance and mean of the outcome is equal. If a coéffices

not significantly differ from 2, thisndicates that the outcome fits a gamma distribution
where the variance of the outcome is proportional to its squared mean.

After performing the Modified Park test on our expenditure data, we observed
that the coefficients of the Total (1.7), Part A (1.5), Part B (1.5), and Part D d 16)tdi
significantly differ from a value of 2. This result indicates that our expenditiatas
follow a gamma distribution (i.e., the variance of total, Part A, Part B, andRsr
approximately proportional to its corresponding squared mean). Thus, we will be able t
use the gamma distribution in the GLM to predict the association of APD use with
expenditure outcomes. In terms of link function, we used “log function” as this function
has been commonly used for expenditure data following a gamma distribution in the
literaturé®* **(see Table 3.6). This “log function” means that the log of the expenditure
outcome is a linear function of independent variables. Equation (2) shows the functional

form of the gamma GLM with a log link function for our expenditure outcomes:

(2) Log E (EXPENDITURE OUTCOMES) =, + ;APD use+ ,Age + 3 Gender + 4, Race
+ 5 Residency +;LIS status + ;Early/late enrollment g Seen by neurologists +
Comorbidities + ;oDepression + ;; Cognitive function + 1, # of non-PD drugs +;3L TC
stay + 14Preventive services use #sdeath in 2007 +5all-cause hospitalizations at
baseline (1/1/2006-5/31/2006) +;Inverse Mills Ratio (IMR)

where EXPENDITURE OUTCOMES were measured as the aggregated expenibr
Total, Part A, Part B, and Part D medical services. We controlled for 17 pbtentia
confounders as covariates in the model, and the operationalization of these cowasates

listed in Table 3.7. Specifically, in expenditure models, we treated “death in 2087” a
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dichotomous variable (died vs. survived in 2007), and controlled it as a covariate. Bear in
mind that in utilization models, death in 2007 was treated as a continuous variable
(number of months alive) and was accounted for in the calculation of utilization rate
outcomes (visits /number of months alive). Also, in expenditure models, we controlled
all-cause hospitalization at baseline (1/1/2006-5/31/2006), dichotomized &pgeerits

had one or more hospitalizations, or no, otherwise. Both death in 2007 and baseline all-
cause hospitalization were used as proxies of general severity in our P,samdplvere
adjusted to control for their potential confounding effects on expenditures as wélDas A
use during the follow-up period.

From this expenditure model, we obtained the rate ratio (RR) of APD use by
taking the anti-natural log of the coefficientAPD usein Equation (2) for each of
expenditure outcomes. To facilitate interpretation, we converted the RRsgimahar
effects. The marginal effect of APD use was interpreted as absol@eedifés in
medical expenditures between APD users and non-APD users. In the reguit set
present the marginal effects along with their standard errors (SE)\aidgs for Total,

Part A, Part B, and Part D expenditures.

3.4.3.c.Hypothesis testing for H3.2.1

H3.2.1: Compared to PD patients with a short DOT, patients with a long DOT have
lower hospitalizations, ER visits, Part A SNF episodes, and HHA episodes, but higher
office-based physician services, after controlling for other covariates.

To test Hypothesis 3.2.1, we examined the association of duration of APD therapy
with five utilization outcomes of interest (hospitalizations, ER visits, R&NF

episodes, HHA episodes, and physician visits), adjusting for covariates aneé sampl
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selection bias among the subsample of 7,583 with at least two of any of the studied
APDs. Selecting PD patients with two or more APDs is necessary to mdasure t
duration of therapy. To adjust for unequal observation periods among the APD users, we
analyzed the utilization outcomesagization rate,calculated as the total number of
episodes/visits divided by the length of observation period for each patient. To heodel t
utilization rate outcomes, we used a negative binomial GLM with a logdmdtibn. The
determination of the negative binomial distribution was based on the prelimisaltgre
using likelihood ratio tests, indicating that the variances of our utilization oecom
exceed their means. The selection of the log link function was because ofree&og-I
relationship between our utilization outcomes and independent variables of iiterest
the log of utilization outcome is a linear function of the independent variables). The
selection of the log link and negative binomial distribution were detailed in Section
3.4.3.b. Equation (3) shows the functional form of the negative binomial GLMs for

testing Hypothesis 3.2.1:

(3) Log E [UTILIZATION COUNTS] = o+ ;Duration of APD therapy + ,Age + 3
Gender + 4 Race + 5 Residency +4LIS status + ;Early/late enrollment g Seen by
neurologists +4,Comorbidities + ;oDepression + 1; Cognitive function + 1, # of PD and
non-PD drugs +:3Change in APD therapy +4LTC stay + i5Preventive services use +

16 Baseline utilization + 17 Inverse Mills Ratio (IMR) + log # of months alive

where UTILIZATION COUNTS were measured as the number of medical ues of
healthcare services (hospitalizations, ER visits, Part A SNF epjdgtésepisodes, and
physician visits) in relation to three disease categories (all causes{22and PD-
related comorbidities) during the study period (6/1/2006-12/31/2007). The baseline

(1/1/2006-5/31/2006) utilization {sin Equation (3)was controlled as a covariate in the
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models with the same respective utilization outcomes (e.g., baselirzaisd-c
hospitalization was controlled in the model with follow-up all-cause hospitalizas a
dependent variable). The adjustment for baseline utilization in utilization snsdel
control for its potential confounding effect on the follow-up use of utilization sEs\ae
well as duration of APD therapy. Along with the baseline utilization, we aistvailed

for change in APD therapy {3in Equation (3)], because this change may be associated
with duration of APD therapy as well as healthcare utilization. Other vagiablgrolled

in the model included demographics (age, gender, race, and residency), LIS status,
early/late enroliment, seen by neurologists, comorbidities, depressiantiwfunction,
drug burden (# of PD and non-PD drugs), LTC stay, preventive services use, and IMR.
The operationalization of these covariates was detailed earlier in Tablk i3.Aoted

that when modeling Part A SNF utilization, we excluded LTC stay due to its high
collinearity with the Part A SNF outcome.

The key independent variable, duration of APD therapy, was analyzed as a
categorical variable 400 days, 401-539 days, 540-578 days, and 579 days) defined by
the quartiles of the distribution of DOT among the 7,583 patients watAPD fills.

From this utilization model, we obtained an adjusted estimate of rate r&)m{R
duration of APD therapy for each of the utilization outcomes by taking the daataha
log of the coefficient ; Duration of APD therapy in Equation (3). In this analysis, RR
was interpreted as the utilization rate of the long-duration APD users asuamuiio the
short-duration APD users. In the result section, we reported the RRs alongenit®5%6

confidence intervals (Cl) and p-values.
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3.4.3.d. Hypothesis testing for H3.2.2

H3.2.2: Compared to PD patients with a short duration of APD therapy, patients with a
long duration of therapy have lower total expenditures, Part A expenditures, and Part B
expenditures, but higher Part D expenditures, after controlling for other covariates

To test Hypothesis 3.2.2, we examined the association of duration of APD therapy

with four expenditure outcomes (Total, Part A, Part B, and Part D) adjusting for

covariates and sample selection bias among the subsample of 7,583 PD patients with a

least two of any of the studied APDs (two or more APDs are necessary furimga
duration of therapy). We treated the expenditure outcomes as continuous vandbles a
modeled them using a gamma GLM with a log link. The determination of the gamma
distribution was based on the preliminary results using the Modified Park testafimgli
that the variances of our expenditure outcomes are approximately proportional to thei
squared means. The selection of the log link function was because of a log-linear
relationship between expenditure outcomes and independent variables of ingereke(l
log of expenditure outcome is a linear function of the independent variables). The

determination of using the gamma GLM with a log link function for our expenditure

outcomes were detailed in Section 3.4.3.c. Equation (4) shows the functional form of the

gamma GLM for expenditure outcomes:

(4) Log E [EXPENDITURE OUTCOMES] =¢ + ;Duration of APD therapy + ,Age + 3
Gender + 4 Race + 5 Residency + LIS status + ;Early/late enrollment g Seen by
neurologists + ¢ Comorbidities + ;oDepression + ;; Cognitive function + 1, # of PD and
non-PD drugs +:3Change in APD therapy +4LTC stay + i5Preventive services use +

1sDeath in 2007 +,;all-cause hospitalizations at baseline (1/1/2006-5/31/2006) +
Inverse Mills Ratio (IMR)
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where the EXPENDITURE OUTCOMES were measured as the aggregaewidures

for total, Part A, Part B, and Part D services. The key independent variablegrdafat
APD therapy, was analyzed as a categorical variable (1-400 days, 401-539 d&y/&3 540-
days, and 579 days) defined based on the quartiles of the distribution of DOg tr®aon
7,583 patients with 2 APD fills.

In this expenditure model, we controlled for potential confounders as covariates
listed earlier in Table 3.7. Two variables, death in 2007 (death/survival) aricth&adle
cause hospitalization events (any event /no event), were used as proxiesralf gen
severity in our PD sample, and were controlled to account for their potential confounding
effects on duration of APD therapy and expenditures in the follow-up period. lioaddit
change in APD therapy was adjusted to control for its potential confounding effect.

After controlling for covariates in this expenditure model, we obtained tae rat
ratios (RRs) of duration of APD therapy (the key independent variableking tine
anti-natural log of the coefficient Duration of APD therapy in Equation (4). To
facilitate interpretation, for a given outcome, we converted the RR to a mastiet|
which was interpreted as an absolute difference in expenditure outcomesrbetwe
patients with long and short duration of APD therapy. In the result section, we ptesent
the marginal effects along with their standard errors (SEs) and ps\falu€otal, Part A,

Part B, and Part D expenditures.
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3.4.3.e. Hypothesis testing for H3.3.1

H3.3.1: Compared to PD patients with low adherence to APDs, patients with high
adherence have lower hospitalizations, ER visits, Part A SNF episodes, and HHA
episodes, but higher office-based physician visits, after controlling for other covaridtes

To test Hypothesis 3.3.1, we examined the association of adherence to APDs with
five utilization outcomes of interest (hospitalizations, ER visits, P&N& episodes,
HHA episodes, and physician visits) adjusting for covariates and samtwel#as
among the subsample of 7,583 PD patients with at least two of any of the studied APDs.
To account for unequal observation periods in the subsample, we analyzed theoutilizati
outcomes as utilization rate, calculated as the total number of episodes/vidiasd iy
the length of observation period for each patient. To model the utilization rate outcomes
we used a negative binomial GLM with a log link function. The determination of the
negative binomial distribution was based on the preliminary results using likelidtood r
tests, indicating that the variances of our utilization outcomes exceed tlagis.née
selection of the log link function was because of a log-linear relationship etwee
utilization outcomes and independent variables of interest (i.e., the log oftiatiliza
outcome is a linear function of the independent variables). The determination of this
model was detailed in Section 3.4.3.a. Equation (5) shows the functional form of the

negative binomial GLM for the utilization outcomes:

(5) Log E [UTILIZATION COUNTS] = o+ ;MPR + ,Duration of therapy + :Age + 4
Gender + s Race + 5 Residency + ;LIS status + gEarly/late enrollment 4 Seen by
neurologists +;oComorbidities + 1; Depression + 1, Cognitive function + 13 # of PD
and non-PD drugs +4Change in APD therapy +sLTC stay + i¢Preventive services use
+ 17 Baseline utilization+ jglnverse Mills Ratio (IMR) + log # of months alive
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where UTILIZATION COUNTS were measured as the number of medical uges of
health services (hospitalizations, ER visits, Part A SNF episodes, HHédepjsand
physician visits) in relation to three disease groups (all causes, PD onlyDaethfed
comorbidities). The key independent variable, adherence to APDs measured as BIPR, wa
analyzed as a categorical variable (MPR.79, 0.80-0.89, 0.90-0.99, and 1.00) defined
based on the quartiles of the distribution of MPR among 7,583 patients @i&PDs.

We included other potential confounders as covariates in the model:demographics
(age, gender, race, and residency), LIS status, early/late enrolleemtsneurologists,
comorbidities, depression, cognitive function, drug burden (# of PD and non-PD drugs),
changes in APD therapy, LTC stay, preventive services use, baseliraiatilizand
IMR. The operationalization of these covariates was detailed in Table 3.7.itbng
these variables, we also controlled for duration of APD therapy as a continuiaixevar
in the models with adherence to APDs as the key independent variable. This is because
the effect of adhering to APDs for a longer period (e.g., 1 year) woulkpeeted to be
associated with a greater reduction in healthcare utilization than gut feff a shorter
period (e.g., 1 month).

In this utilization model, we obtained an adjusted estimate of rate ratjoofRR
adherence to APDs by taking the anti-natural log of the coeffici@PR in Equation
(5) for each of the utilization outcomes. In this analysis, RR was intedoas the
utilization rate of the high adherers as compared to the low adherers. In theessutit S

we reported the RRs along with their 95% confidence intervals (CI) and p-values.
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3.4.3.f. Hypothesis testing for H3.3.2

H3.3.2: Compared to PD patients with low adherence to APDs, patients with high
adherence have lower total expenditures, Part A expenditures, and Part B expenditures,
but higher Part D expenditures, controlling for other covariates.

To test Hypothesis 3.3.2, we examined the association of adherence to APDs with
four expenditure outcomes (Total, Part A, Part B, and Part D) adjusting foratesand
sample selection bias among the subsample of 7,583 patients with at leads wiafily
of the studied APDs (two or more APDs are necessary to measure medicati@meglher
We treated the expenditure outcomes as continuous variables and modeled them using a
gamma GLM with a log link function. The determination of the gamma distribution was
based on the preliminary results using the Modified Park tests, indicatingehat t
variances of our expenditure outcomes are approximately proportional to thegdsquar
means. The selection of the log link function was because of a log-lineasnsiapi
between expenditure outcomes and independent variables of interest (i.e., the log of
expenditure outcome is a linear function of the independent variables).The deiermina
of this model was detailed in 3.4.3 c. Equation (6) shows the functional form of the
gamma GLM for our expenditure outcomes:

(6) Log E [EXPENDITURE OUTCOMES] =+ ;MPR + ,Duration of therapy + ;Age +
4 Gender + 5 Race + ¢ Residency + ;LIS status + gEarly/late enrollment ¢ Seen by
neurologists +;oComorbidities + 1; Depression + 1, Cognitive function + 13 # of PD
and non-PD drugs +4Change in APD therapy +sLTC stay + i¢Preventive services use
+ 17Death in 2007 + jgall-cause hospitalizations at baseline (1/1/2006-5/31/2006)+
Inverse Mills Ratio (IMR)

where the EXPENDITURE OUTCOMES were measured as the aggregawidures
for Total, Part A, Part B, and Part D services. The key independent variablesredhto

APDs measured as MPR, was analyzed as a categorical variable (MP® 0.80-0.89,
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0.90-0.99, and 1.00) defined based on the quartiles of the distribution of MPR among
7,583 patients with 2 APD fills. In this analysis, we also included other potential
confounders as covariates listed in Table 3.7. Along with those variables, we also
controlled for duration of APD therapy as a continuous variable in the models, because
the effect of adhering to APDs for a longer period (e.g., 1 year) woulkpeeted to be
associated with a greater reduction in expenditures, compared to that forea jséeod
(e.g., 1 month). In this expenditure model, we obtained adjusted estimates dfoate ra
(RRs) of adherence to APDs by taking the anti-natural log of the coeffigifPR in
Equation (6). To facilitate interpretation, we converted the RRs to margieeisef

which were interpreted as absolute differences in expenditures between théheggra
and low adherers. In the result section, we presented marginal effeggsvatotheir

standard errors (SEs) and p-values for Total, Part A, Part B, and Part rialieonpss.

The following table summarizes statistical models for testing theypatheses in Aim 3

Hypothesis Dependent variable Key independent Statistical model
variable

H3.1.1 Healthcare utilization rates  APD use Niegabinomial GLMs
H3.1.2 Healthcare expenditures APD use Gammigd$sL

H3.21 Healthcare utilization ratels  Duratiorttefrapy | Negative binomial GLMs
H3.22 Healthcare expenditures Duration of thgrag Gamma GLMs

H3.3.1 Healthcare utilization ratels  AdherencARDs | Negative binomial GLMs
H3.32 Healthcare expenditures Adherence to ARDBamma GLMs
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4. RESULTS
4.1. Overview of PD cohort

A total of 8,758 Medicare beneficiaries with Parkinson’s disease wereesebdter
the application of our sample inclusion/exclusion criteria. This PD population was
predominately aged 65 or older (93.6%, mean age=77.4) and white (88.8%). More than
half (59.9%) were females and one-third (36.9%) resided in the southern region. Low
income-subsidy (LIS) recipients and dual eligibles were represente?.®% and 51.0%
of patients, respectively. In addition, 14.5% (1,272/8,758) of this PD sample died during

2007, and half of whom had a history of Alzheimer’s disease and dementia.

4.2.Aim 1

Aim 1: To describe APD use and adherence among Medicare Parkinson’s patients
continuously enrolled in PDPs from 6/1/ 2006 throughout 12/ 31/ 2007, or date of death

4.2.1. Description of primary APD use measures

Three main APD use measures—any use, duration, and adherence—were measured
during the 19-month study period (6/1/2006-12/31/2007). The use of APDs was
examined in the cohort of 8,758 PD patients. When examining duration of and adherence
to APD therapy, we restricted the analyses to the subset of 7,583 PD patient2 wit
APD fills. This is because two data points are required to measure duration and

adherence. We describe the results of these three primary APD use masgsoliesys:
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4.2.1.aAny use of APDs

The majority (88.0%, n=7,706) of the 8,758 Medicare Parkinson’s population had
at least one prescription claim for APDs during the study period. Of these Rk A
(n=7,706), the average number of APD classes per patient was 1.7 (Table 4.1.1). Among
the six classes of APDs, dopamine precursors (DPs) was the most widelyugselasis
represented by 91.9% of patients (7,081/ 7,706) (Table 4.1.2). Within this class, 95.2% of
patients had used an agent of Carbidopa with Levodopa, while only 11.9% had used an
agent of Carbidopa and Levodopa combined with Entacapone at any given time during
the study period. The second most frequently used drug class was dopamine agonists
(DAs), shown in 35.2% of patients (2,711/7,706). Two commonly used DA agents were
Pramipexole and Ropinirole, observed in 52.9% and 45.9% of DA patients, respectively.
Unlike DPs and DAs, the other four drug classes—MAO-B inhibitors, COMT inhipitors
Anticholinergics, and Amantadine—were not widely used. The percentage of asfy use
these four classes ranged from 8.1% to 11.1%.

The APD users (n=7,706) had an average of 22.1 pharmacy claims for APDs with
a standard deviation of 15.1 claims during the study period (Table 4.1.3). The overall
range of APD prescription claims was between 1 and 126 among these APD users. The
mean number of prescription claims was highest for dopamine precursors (15.3), lowest
for MAO-B inhibitors (7.8), and intermediate for dopamine agonists, COMT inhibitors,
anticholinergics, and amantadine (12.4, 10.4, 10.9 and 9.1, respectively). Among these
7,706 APD users, 123 patients (1.4%) had a single prescription claim of APDs during the

study period. These 123 patients were then excluded from the measurementsasf durat
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and adherence, as two or more claims were necessary to operationalizedhese tw
measures.

Among the 7,706 APD users, 57.5% (4,430/ 7,706) of patients were identified as
monotherapy users—patients who used a single class alone and/or multipte classe
together for less than 30 consecutive days (Table 4.1.4). In this monotherapy group,
most [88.1%, (3,904/4,430)] used dopamine precursors alone, while relatively few
patients (range from 0.7% to 11.8%) used the other 5 classes of APDs alone. The
remaining APD users [42.5% (3,276/7,706)] were identified as combination-therapy
users—patients who used 2 or more APD classes concurrently for 30 consecutive days or
longer at any time during the study period. In this combination-therapy user group,
almost everyone [99.4%, (3,256/3,276)] had used two classes of drugs in combination at
any given time during the study period. Of these 3,256 patients, almost haliof the
(49.0%) used DA and DP together, while the second largest group, patients using DP and
COMT, was only 15.3%. When examining patients using three or more drug classes in
combination, the analysis showed that 944 (32.3%) patients used three classes together,
while only 160 (5.5 %), 19 (0.7%), and 1 (0.0%) patient used four, five and six classes of
APDs in combination, respectively. Overall, the treatment of DP combined withd3A

the most frequently used pattern across the combinations of different clas$d3of A
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Table 4.1. 1: Number of patients with APDs and meamber of APD class among 8,758 Medicare PD
patients with continuous PDP enrollment from 6/0&&hrough 12/31/2007 or date of death

Overall PD sample

8,758 patients (100%)

Mean number of APD classes

Use of APDs
Yes 7,706 (88.0)
No 1,052 (12.0)

Table 4.1.2: Number of patients with APD use byapeutic class and drug agent among 7,706 Medicare
PD patients with continuous PDP enrollment (6/13&€@hrough 12/31/ 2007 or date of death) usihg

APDs
PD patients with 1 APD"
(n=7,706)
Therapeutic Clas$ N %
Dopamine Precursors 7,081 91.9
Levodopa 0 0.0
Carbidopa 0 0.0
Carbidopa/Levodopa 6,740 95.2
Conventional tablet 5,763 85.5
Orally disintegrating tablet 200 3.0
Sustained-released tablet 2,308 34.2
Carbidopa/Levodopa/Entacapone 844 11.9
Dopamine Agonists 2,711 35.2
Pergolide 77 2.8
Bromocriptine 59 2.2
Pramipexole 1,433 52.9
Ropinirole 1,244 45.9
Rotigotine (patch) 163 6.0
Apomorphine (injection) 23 0.8
Monoamine Oxidase B Inhibitors 769 10.0
Rasagiline 381 49.5
Selegiline 435 56.6
Conventional tablet/capsule 367 84.4
Orally disintegrating tablet 85 19.5
Patch form 0 0.0
Catechol-O-methyltransferase Inhibitors 852 11.1
Entacapone 835 98.0
Tolcapone 23 2.7
Anticholinergics 627 8.1
Benztropine 320 51.0
Biperiden 9 1.4
Trihexyphenidyl 309 49.3
Procyclidine 4 0.6
Amantadine 785 10.2

'Use of APDs was measured over periods where patigaite neither in Medicare-covered hospital stay
nor in Medicare-covered skilled nursing facilitpgt’Patients may have taken one or more APD classes.
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Table 4.1.3: Mean numbers of APD prescription ctaowerall, and by therapeutic class and drug agent
among 7,706 Medicare PD patients with continuou® BBrollment (6/1/2006 through 12//31/ 2007 or
date of death) usingl APDs

APD Prescription Claims
Mean SD Min Max

Overall patients with 1 APDs (n=7,706) 22.1 15.1 1 126

Therapeutic Classe$?

Dopamine Precursors (n=7,081) 15.3 8.1 1 84
Levodopa 0.0 0 0 0
Carbidopa 0.0 0 0 0
Carbidopa/Levodopa 14.7 8.0 1 84

Conventional tablet 12.6 7.0 1 84
Orally disintegrating tablet 6.9 5.9 1 25
Sustained-released tablet 10.8 7.0 1 43
Carbidopa/Levodopa/Entacapone 10.7 7.1 1 45

Dopamine Agonists (n=2,711) 12.4 8.2 1 62
Pergolide 8.6 5.1 1 26
Bromocriptine 13.4 7.2 1 29
Pramipexole 11.8 8.0 1 62
Ropinirole 11.8 8.1 1 48
Rotigotine (patch) 2.3 15 1 7
Apomorphine (injection) 4.3 4.2 1 19

Monoamine Oxidase B Inhibitors (n=769) 7.8 6.2 1 25
Rasagiline 5.7 4.7 1 19
Selegiline 8.8 6.7 1 25

Conventional tablet/capsule 9.5 6.8 1 25
Orally disintegrating tablet 4.2 3.7 1 17
Patch form 0.0 0 0 0

Catechol-O-methyltransferase Inhibitors

(n=852) 10.4 7.1 1 38
Entacapone 10.3 7.1 1 38
Tolcapone 10.3 6.9 1 21

Anticholinergics (n=627) 10.9 7.4 1 50
Benztropine 10.7 7.8 1 50
Biperiden 7.9 4.8 1 14
Trihexyphenidyl 10.8 7.0 1 26
Procyclidine 5.5 2.6 2 8

Amantadine (785) 9.1 7.0 1 38

lUse of APDs was measured over periods where patieerte neither in Medicare-covered hospital stay
nor in Medicare-covered skilled nursing facilitagt’Patients may have taken one or more APD classes.
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Table 4.1.4: Monotherapy and combination therapgh WiPDs among 7,706 Medicare PD patients with

continuous PDP enrollment (6/1/2006 through 12/3Q720r date of death) usingl APDs

Patients with 1 APDs

n

%

Overall patients with 1 APDs 7,706 100
Monotherapy only at any time during study period-? 4,430 57.5
Dopamine Precursors (i.e., DP) 3,904 88.1
Dopamine Agonists (i.e., DA) 523 11.8
Anticholinergic Agents (i.e., ANT) 148 3.3
Amantadine (i.e., AMA) 154 3.5
Monoamine Oxidase B Inhibitors (i.e., MAOB) 101 213
Catechol-O-methyltransferase Inhibitors (i.e., COMT 31 0.7
Combination therapy” at any time during study period-? 3,276 42.5
Two classes 3,256 99.4
DP + DA 1594 49.0
DP + COMT 498 15.3
DP + MAOB 313 9.6
DP + AMA 291 8.9
DP + ANT 258 7.9
DA + COMT or MAOB or AMA or ANT 238 7.3
COMT + MAOB or AMA or ANT 18 0.6
MAOB + AMA or ANT 28 0.9
AMA + ANT 18 0.6
Three Classes 944 32.3
DP + DA+ COMT or MAOB or AMA or ANT 688 72.9
DP + COMT + MAOB or AMA or ANT 128 13.6
DP + MAOB + AMA or ANT 69 7.3
DP + AMA + ANT 30 3.2
DA + COMT + MAOB or AMA or ANT 14 1.4
DA + MAOB + AMA or ANT 9 0.9
DA + AMA + ANT 2 0.2
COMT + MAOB +AMA 1 0.1
Four Classes 160 55
DP + DA + COMT + MAOB or AMA or ANT 99 61.9
DP + DA + MAOB+ AMA or ANT 36 22.5
DP + DA + AMA+ ANT 10 6.3
DP + COMT + AMA + MAOB or ANT 10 6.3
DP + MAOB + AMA + ANT 3 1.9
DA + MAOB + AMA + ANT 1 0.6
Five Classes 19 0.7
DP + DA + COMT + MAOB + AMA or ANT 13 68.4
DP + DA + COMT + AMA + ANT 4 21.1
DP + DA + MAOB + AMA + ANT 2 10.5
Six Classes (All 6 APD classes) 1 0.0

IMonotherapy and combination therapy measured oméogs where patients were neither in Medicare-

covered hospital stay nor in Medicare-covered ettithursing facility stay.

patients may have taken one or more patterns of thefapy during the study period.
3patients may use APDs as combination therapy fmesperiod and use as monotherapy for other period

of time.
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4.2.1.bDuration of therapy with APDs

The analysis of duration of therapy (DOT) was carried out among 7,538 patients
with at least two fills of any studied APDs (86.6% of the total PD s3gimmpeause two
data points are required to measure DOT. The distribution of DOT was assessed by
calculating its quartiles (Quartile 145 days, Quartilel46-290 days, Quartyge291-435
days, and Quatrtile 436 -579 days). Overall, over two-thirds (75.3%) of the patients
remained on APD therapy for 436 days (14.5 months) or longer over the study period of
579 days (19 months) (Table 4.1.5). Most of the monotherapy users (68.7%) and
combination-therapy (83.9%) users also used their APDs for more than 436 days.

When examining duration by APD class, the results showed that most patients
with dopamine precursors (DPs) and dopamine agonists (DAs) were long-duration users
with 73.9% using DPs and 56.7% using DAs for more than 436 days. In contrast, patients
with the other four APD classes (i.e., MAO-B inhibitors, COMT inhibitors,
anticholinergics, and amantadine) tended to fall into two modes, either the longest
duration ( 436 days) users, ranging from 29.9% to 52.5%, or the shortest-durdt#m (
days) users, ranging from 25.1% to 36.2%. Among individual drug agents, there was
substantial variation in the duration of APD therapy, in part due to variatioamiples

sizes for each drug agent.
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Table 4.1.5: Duration of APD therapy overall, arydtiteatment therapy, therapeutic class, and dregtag
among 7,583 Medicare PD patients with continuou® BBrollment (6/1/2006 throughout 12/31/2007, or
date of death) using 2 APDs.

Patients with Distribution of Duration of APD Therapy ?
> APDs 1-145 days 146-290 days 291-435 day 436-579 days
n (%) n (%) n (%) n (%)
Overall 7,583(100%}% 244 (3.2) 578 (7.7) 1,045(13.8  5,707(75.3)
Treatment Therapy
Monotherapy 4,307 217 (5.0) 425 (9.9) 708 (16.4 2,957 (68.7)
Combination therapy 3,276 27 (0.8) 162 (4.9) 337 (10.3° 2,750 (83.9)
Therapeutic Class
Dopamine Precursors 6,990 370 (5.3) 560 (8.0) 890 (12.7) 5,170 (73.9)
Carbidopa/Levodope 6,655 453 (6.8) 584 (8.7) 876 (13.2) 4,742 (71.3)
Carbidopa/Levodope
/ Entacapone 838 193(23.0) 111 (13.2) 114 (13.6) 420 (50.1)
Dopamine Agonists 2,697 491 (18.z 310 (11.5) 366 (13.6 1,530(56.7)
Pergolide 77 15 (19.5) 16 (20.8) 44 (57.1) 2 (2.6)
Bromocriptine 59 9 (15.3) 6 (10.2) 10 (16.9) 34 (57.6)
Pramipexole 1,425 262 (18.4) 177 (12.4) 193(13.5 793(55.6)
Ropinirole 1,238 266 (21.5) 175 (14.1) 170 (13.7 627 (50.6)
Rotigotine 163 158 (96.9) 5(3.1) 0 (0.0) 0 (0.0)
Apomorphine 23 13 (56.5) 3(13.0) 4 (17.4) 3(13.0)
MAO-B Inhibitors 768 278(36.2) 121 (15.8) 139 (18.1) 230 (29.9)
Selegiline 434 134 (30.9) 58 (13.4) 64 (14.7) 178 (41.0)
Rasagiline 381 188 (49.3) 82 (21.5) 70 (18.4) 41 (10.8)
COMT Inhibitors 852 214 (25.1) 131 (15.4) 120 (14.1 387 (45.4)
Entacapone 835 211 (25.3) 133 (15.9) 116 (13.9 375 (44.9)
Tolcapone 23 6 (26.1) 2(8.7) 5(21.7) 10 (43.5)
Anticholinergics 619 159 (25.7) 62 (10.0) 73 (11.8) 325 (52.5)
Benztropine 315 94(29.8) 36 (11.4) 42 (13.3) 143 (45.4)
Biperiden 8 1 (12.5) 2 (25.0) 4 (50.0) 1 (12.5)
Trihexyphenidyl 4 1 (25.0) 2 (50.0) 1 (25.0) 0 (0.0)
Procyclidine 307 73(23.8) 29 (9.4) 35 (11.4) 170 (55.4)
Amantadine 776 242 (31.2) 102 (13.1) 109(14.0 323 (41.6)

TAll percentages were row percenta ration of therapy was measured over pefiods wpatients
were neither in Medicare-covered hospital stayindfedicare-covered skilled nursing facility stay.
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4.2.1.c.Adherence to APDs

As with duration, adherence to APDs (measured as MPR) was conducted among
7,583 patients with 2 APD fills because two data points are required to measure MPR.
The distribution of adherence to APDs was assessed at five cut-off points of MPR:
0.39, 0.40-0.59, 0.60-0.79, 0.80-0.99, and 1.00-1.99. Overall, the proportions of patients
in these five groups were 1.6%, 5.9%, 19.7%, 51.5%, and 21.2% (Table 4.1.6). The
majority (72.7%) of the APD users had an MPR @.80. Among patients with an MPR
of 1.00 (n=1,608), the majority (96.0%, data not shown) had an MPR value between
1.00 and 1.15. This observation could be partly due to the stockpile of APDs for a later
use; however, the amount of overstock was not excessive (less than 15 days’ supply of
APDSs). On the other hand, the MPR 01.00 might be artificially high due to the
exclusion of covered Part A SNF/hospital days from the denominator of MPR
calculation. Taken together, it was unlikely that patients would have overused APDs
Thus, an MPR of > 1.00 was capped at 1.00 in the analyses of Aims 2 and 3.

The distributions of MPR between monotherapy users and combination-therapy

users varied slightly. Proportionally, more single-APD users (24.0%) than matnobi
APD users (17.5%) had an MPR of 1.0 or higher, whereas fewer single-APD users
(48.6%) than combination APD users (55.4%) had an MPR between 0.80 and 0.99.
Nevertheless, the majority of patients in these two groups (72.6% in the mopyptaeda
72.9% in the combination-therapy) had an MPR of 0.80 or above. In general, adherence
values were similar among six APD drug classes with most patients havilBR of
0.80 or higher, although adherence varied across individual drug agents partly due to the

variations in sample sizes for each drug agent.
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Table 4.1.6: Adherence to APDs (measured as MPRatlyand by treatment therapy, therapeutic
class, and drug agent among 7,583 Medicare PDnpatiéth continuous PDP enrollment (6/1/2006

throughout 12/31/2007, or date of death) usirJAPDs

Distribution of medication possession ratio(MPRj
Patients|0.020.39 0.400.59 0.600.79 0.80-0.99 1.00-1.99
n (%) n (%) n (%) n (%) n (%)
Overall (176?)35)1 124 (1.6) 451 (5.9) 1,493(19.7) 3,907 (51.5) 1,808
Treatment Therapy
Monotherapy 4,307| 99 (2.3) 302(7.0) 779 (18.1)093,(48.6) 1,034(24.0)
Combination therapy 3,274 25(0.8) 149 (4.5) 248) 1,814 (55.4) 574 (17.5)
Therapeutic Class
Dopamine Precursors 6,990 |142 (2.0) 475 (6.8) 1,281 (18.3) 3,370(48.2) 1,722 (24.6)
Carbidopa/Levodopa 6,655 |154 (2.3) 451 (6.8) 1,196 (18.0) 3,193 (48.0) 1,661 (25.0)
Carbidopa/Levodopa
Entacapone 838 | 14 (1.7) 63(7.5) 144(17.2) 342(40.8) 275 (32.8)
Dopamine Agonists 2,697 | 52(1.9) 163(6.0) 431(16.0) 1,244 (46.1) 7 @8.9)
Pergolide 77 2 (2.6) 3(3.9) 10 (13.0) 39 (50.6) 23 (29.9)
Bromocriptine 59 1(1.7) 6(0.2) 5(8.5) 27 (45.8) 20 (33.9)
Pramipexole 1,425 38 (2.7) 91(6.4) 233 (16.4) 650 (45.6) 41RqP
Ropinirole 1,238 | 17(1.4) 73(5.9) 191 (15.4) 556 (44.9) 44
Rotigotine 163 6 (3.7) 5(3.1) 29 (17.8) 123 (75.5) 0 (0.0)
Apomorphine 23 3(13.00 5(21.7) 3(13.0) 12 (52.2) 0 (0.0)
MAO-B Inhibitors 768 8(1.0) 39(5.1) 79 (10.3) 305 (39.7) 337 (43.9)
Selegiline 434 5(1.2) 27(6.2) 53(12.2) 184 (42.4) 165 (38.0)
Rasagiline 381 3(0.8) 17 (4.5) 35(9.2) 128(33.6) 198 (52.0)
COMT Inhibitors 852 28 (3.3) 45(5.3) 114(13.4) 3440.7) 318 (37.3)
Entacapone 835 28 (3.4) 45 (5.4) 111 (13.3) 345 (41.3) 306636
Tolcapone 23 1(4.3) 1(4.3) 3 (13.0) 11 (47.8) 7 (30.4)
Anticholinergics 619 | 18(2.9) 38(6.1) 86(13.9) 243(39.3) 234(37.8)
Benztropine 315 5(1.6) 19 (6.0) 41 (13.0) 113 (35.9) 137 (43.5)
Biperiden 8 1(12.5) 5 (62.5) 2 (25.0) 0 (0.0) 0 (0.0)
Trihexyphenidyl 4 1(25.0) 1(25.0) 2 (50.0) 0 (0.0) 0 (0.0)
Procyclidine 307 | 13(4.2) 22(7.2) 43(14.0) 128(41.7) 101 (32.9)
Amantadine 776 25 (3.2) 50(6.4) 101(13.0)0 28386 317 (40.9

TAll percentages were row percentad@dPR was measured over periods where patients vesiteen in
Medicare-covered hospital stay nor in Medicare-cegeskilled nursing facility stay.
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4.2.2.Descriptions of secondary APD use measures
In addition to the three major APD measures described above, three secondary APD
measures—trends in APD use, APD interruptions, and switching and augmentations of

APDs—were examined. We detail the results of these three measurkbsvas fo

4.2.2.aTrends of APD use

Figure 1.1 shows the proportions of APD users receiving 0, 1, 2, 3 or 4 or more PD
drugs in every month throughout the 19-month study period. In any given month, among
the patients with at least one APD (n=7,706), more than half (52.8%-57.5%) received one
APD, and almost one in four (21.5%-25.2%) used two APDs. However, relatively few
patients used three or more APDs over time. In any given month, around 5% of the
patients used 3 APDs and only 1% used 4 or more APDs. Additionally, some APD users
did not use any drug in certain months. The percentage of zero APD users was highest
(20.0%) in the first month of the study period, but gradually decreased over time during
2006, and became stabilized in 2007 at a rate between 11.5% and 13.7%.

The trends of monthly APD use were further stratified by monoth€ragyre
1.2) and combination-therapy users (Figure 1.3). In any given month, approximately tw
thirds (73.0%-83.8%) of the monotherapy group used one APD, whereas the remaining
one-third (16.2% -27.0%) did not possess any APD at all. Among the combination-
therapy group, the majority was two-drug users (49.1%-58.1%), followed Hg-singy
users (20.3%-26.9%) and 3-drug users (11.9%-14.4%), respectively. Intergstingly
relatively few combination-therapy patients had no use of APDs on a monthlyarasbis
fewer than 3.0% of the combination-therapy patients had 4 or more drugs in any month

during the study period.
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Figure 1.1: Trends in monthly APD use over 19 merith7,707 PD patients withlL APDs
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Figure 1.2: Trends in monthly APD use over 19 merth4,430 PD patients with monotherapy
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Figure 1.3: Trends in monthly APD use over 19 merith3, 276 PD patients with combination therapy

60.0 e Qa0 .
Y0 vO-LIE 56:6%- 2drugs
50.0 494
40.0
X30.0 60% o

20.0 11.9% =70 26=7% —20-3% ;d

13:2% +4-3% =~y rugs
10.0 1074%— £ 104 4.9% 6596~ 0drug
00 1.6% 2:6% 2.0% 2:2% 4 drugs

C\ TP\ R\ TR\ RRRPR\ R\ R\ R\ TR\ R\ EREU\ PR\ P\ BRI\ TR\ R\ R\ R\ TN T
N S N N S S S SR N S N S N S I S N



4.2.2.bAPD Interruptions

To further investigate how an individual used APDs over time, an analysis was
conducted to examine any interruptions (defined as a continuous ga&dafays)
between their APD prescription fills. Interruptions were measuredaoperiod where
patients were neither in Medicare-covered hospital stay (mean=7 ooda&yedicare-
covered SNF stay (mean=15.0 days) as information on drugs dispensed during these
periods was unavailable. Thus, these Medicare-covered days were nottipart of
interruption period in this study. We measured APD interruptions among 7,583 patients
with 2 APDs because two data points are necessary to measure interruptions.

Overall, among 7,583 patients with at least two APDs, one-third (33.8%) had
interrupted their APDs for at least 30 days at any time during the stuidyl fTable
4.1.7). A greater percentage of monotherapy users (42.2%) experiencegiiges than
did combination-therapy users (22.7%). Of patients with treatment interrupdlonsst
two-thirds (65.3%) had stopped using any of their APDs for 1-2 months and more than
one in four had experienced a long-term interruption (24.4% of patients for 61-90 days
and 30.6% of patients for > 90 days) at any time during the study period. The
monotherapy users tended to have longer APD interruptions than did combination-
therapy users (33.9% vs. 22.5% with > 90-day interruptions).

In addition, among 5,021 patients who had no APD interruption, we examined
their APD uses and classified them into one of four patterns (stable use tédaise,
increased use, and decreased use) based on the number of APDs used over time (Table

4.1.7). Over the 19-month course of the study, overall, 43.1% used the same number of
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APDs (i.e., stable APD use over time) and 32.0% had a varied number of APDs (i.e.,

fluctuated APD use over time). Relatively few patients used an increadedreased

number of APDs over time (14.7% and 10.3%, respectively). Most of the monotherapy

users (61.1%) had a stable APD use, whereas the greatest percenbioiation-therapy

users (48.7%) had a fluctuated APD use.

Table 4.1.7: APD interruptions overall, and by mitvepapy users and combination-therapy users among
7,583 Medicare PD patients with continuous PDP lémemt (6/1/2006 throughout 12/31/ 2007 or date of

death) using 2 APDs

o Monotherapy Combination-
verall
users therapy users
n (%) n (%) n (%)
Patients with 2 APDs 7,583 (100) 4,307 (100) 3, 276 (100)
APD interruptions 30 days at
any time during fills
Yes 2,562 (33.8) 1,818 (42.2) 744 (22.7)
No 5,021 (66.2) 2,489 (57.8) 2,532 (77.3)
Patients with interruptions’ 2,562 1,818 744
Interruption for 30 days 157 (6.1) 111 (6.1) 46 (6.2)
Interruption for 31 - 60 days 1,673 (65.3 1,183.5) 500 (67.2)
Interruption for 61 - 90 days 625 (24.4) 447 @4. 178 (23.9)
Interruption for > 90 days 784 (30.6) 617 (33.9) 167 (22.5)
Patients without interruptions 5,021 (100) 2,489 @) 2,532 (100)
Stable APD use 2,162 (43.1 1,521 (61.1) 641 (25.3
Fluctuated APD use 1605 (32.0 372 (15.0) 1,2837¢4
Consistently increased APD use 738 (14.7 322§12.9 416 (16.4)
Consistently decreased APD use 516 (10.3) 274)11.0 242 (9.6)

! Interruptions were mutually exclusive. Patientgimihave 1 interruptions during the study period.

4.2.2.c.Switching and Augmentation of APDs

Switching and augmentation of APDs were examined among 7,583 patients who had

at least two APDs during the 19-month study period. Overall, 25% of patients

experienced at least one change in APD regimen, and the average ntirabanges per

patient was 1.6 (Table 4.1.8). Specifically, switching and augmentation ataurre

13.6% and 19.0% of the patients, respectively. Switching rates substantialtly varie
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among drug classes (Table 4.1.9). The drug class with the highestiswitate was in
MAO-B inhibitors (19.4 occurrences/100 person-years), followed by amantadine (15.5
occurrences/100 person-years) and anticholinergics (14.0 occurrences/106yparshn
However, the switching rate of dopamine precursors (DPs) was considerabty(1.5
occurrences/100 person-years) than the other five classes of APDs. Augmeata,
measured by the number of drugs augmented to patients’ pre-existedreginmg the
observation period, also varied markedly across drug classes (Table 4.1.9). ORs had t
lowest augmentation rate (2.5 occurrences/100 person-years), whereas theeofifeD
classes had augmentation rates ranging from 12.5 in anticholinergics tuc8artences
per 100 person-years in MAOB-inhibitor users.

We also investigated the count and percentages of switching and augmentation
occurrences between drug classes (Tables 4.1.10 and 4.1.11, respectively). Overall,
among the 156 switching occurrences with DPs, the majority (53.2%) of them were
subsequently switched to DAs (Table 4.1.10). However, for other five classesjeiee
mostly switched to DPs, followed by DAs. With regard to the augmentation DiRgst
(62.0%) were added to patients’ previous regimen with DAs, whereas majfooitlyer
five classes (ranging from 63.7% of MAOB inhibitors to 80.1% of COMT inhibitors)

were added to patients’ prior regimen with DPs (Table 4.1.11).

Table 4.1.8: Number of patients with occurrencesvafching and /or augmentation of APDs, and mean
occurrences among 7,583 Medicare PD patients wittirmuous PDP enrollment (6/1/2006 throughout
12/31/ 2007 or date of death) usin@ APDs

Patients with 2 APDs

Switching and Augmentation 7,583 patients (100%) Mean occurrences(+SD)
Expenence_d 1 switching and/or 1,898 (25.0) 16+09
augmentation

Experlenced 1 occurrences of 1,029 (13.6) 13+06

switches

Expenence_d 1 occurrences of 1,437 (19.0) 16+04
augmentation
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Table 4.1.9: Numbers and rates of occurrences iélsiwg and augmentation by drug class

Drug class (n=patients) Switching Augmentation

g P N of occurrences Raté | N of occurrences Rate
Dopamine precursors (n=6,99( 156 15 270 2.5
Dopamine agonists (n=2,697) 494 12.0 608 14.7
MAO-B inhibitors (n=768) 232 19.4 388 325
COMT inhibitors (n=852) 133 10.3 206 15.9
Anticholinergics (n=619) 134 14.0 120 12.5
Amantadine (n=776) 185 15.5 168 14.0

Trate= (total number of occurrences/ total numbegatient-years)*100

Table 4.1.10: Number and percentage of occurrenicewitching between drug classes among 1, 029
Parkinson’s patients

Subsequent APD class switched to
Dopamine Dopar_nine _MA(_)-B _ CQMT Anti-  Amantadine

Drug class Precursors Agonists inhibitors inhibitors cholingerics
(n=switching occurrences) n (%) n (%) n (%) n (%) n (%) n (%)
Dopamine Precursors (n=156) 0(0.0) 83(53.2) 18 (11.5) 8(5.1) 18(11.5) 28.6)
Dopamine Agonists (n=494) 328 (66.4) 65 (13.2) 26 (5.3) 34 (6.9) 14 (2.8) 27 (5.5)
MAO-B inhibitors (n=332) 123 (37.0) 55 (16.6) 16(4.8) 14 (4.2) 8(2.4) 16(4.8)
COMT inhibitors (n=133) 84 (63.2) 26 (19.5) 5(3.8) 1(0.8) 7(5.3) 10(7.5)
Anticholinergics (n=134) 79 (59.0) 26 (19.4) 5(3.7) 6(4.5) 8(6.0) 10(7.5)
Amantadine (n=185) 111 (60.0) 43 (23.2) 14(7.6) 10(5.4) 7(3.8) 0 (0.0
Percentages (%) are row percentages; n=numberitwh&vg occurrences.

Table 4.1.11: Number and percentages of occurresfadrsig augmentations between drug classes among
1,437 Parkinson’s patients

Previous APD class

Dopamine Dopar_nine _MA(_)-B _C(_)l_\/IT Anti-  Amantadine
Drug class Precursors Agonists inhibitors inhibitors cholingerics
(n=augmentation occurrences) n (%) n (%) n (%) n (%) n (%) n (%)
Dopamine Precursors (n=270)  0(0.0) 168(62.0) 20(7.4)  4(1.5) 40(14.8) 380
Dopamine Agonists (n=608) 472 (77.6) 45 (7.4) 13(2.2) 26(4.3) 21(3.5) 30(4.9
MAO-B inhibitors (n=388) 247 (63.7)  75(19.3) 6 (1.5 19(4.9) 12 3.1) 2%}
COMT inhibitors (n=206) 165 (80.1) 27 (13.1) 3(1.5) 1 (0.5) 5(2.4) 5(2.4)
Anticholinergics (n=120) 80 (66.7) 18 (15.0) 4 (3.3) 2.7 7 (5.8) 8 (6.7)
Amantadine (n=168 ) 122 (72.6) 28 (16.7) 8 (4.8) 8 (4.8) 5(3.0) 0 (0.0)
Percentages (%) are row percentages; n=numbegafientation occurrences.
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4.2.3.Results for additional analyses
4.2.3.a.Differences in APD use and adherence by Part A SNF stay

A total of 2,323 beneficiaries (26.5 % of the 8,758 PD sample) experienced one or
more Part A SNF episodes during the 19-month study period. Those SNF patierds tende
to have a shorter Part D drug observation period than non- SNF patients did, because
drugs filled during this stay were bundled under Medicare Part A and thus noblkavaila
to measure. To investigate whether APD uses varied by the length of Bl Atay,
subgroup analyses were performed by comparing the APD use across four @rpups
patients with 1-30 days, (2) patients with 31-60 days, (3) patients with 61-100 days, and
(4) patients with 101-532 days. In addition, APD uses were also compared between
patients with and without Part A SNF stay. We focused on four measurements of APD
use (i.e., any use, duration, adherence, and switching/augmentation) and repseted the

data overall, and by treatment therapy and by drug class.

(1) Any use of APDs by Part A SNF status and by the length of Part A SNF stay

Overall, the use of APDs did not significantly differ between patients wiih a
without Part A SNF stay (Table 4.1.12). However, the differences in APDataeen
SNF patients and non-SNF patients varied across drug class. The use of dopamine
precursors, dopamine agonists, MAO-B inhibitors, and COMT inhibitors differed
significantly between SNF patients and non-SNF patients. There was no ddéfer¢he
use of anticholinergics and amantadine by patients’ SNF status. Within patidnPart
A SNF stay, the use of APDs did not significantly differ by length of R&NF stay,

overall and by therapeutic class, except for the class of MAO-B inhibitotde(#d.13)
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Table 4.1.12: APD use among patients with and wittart A SNF stay in 8,758 Parkinson’s patients

SNF patients Non-SNF patients
(n=2,323) (n=6,435)
n (%) n (%) P-value
Overall use of APDs 2,053 (88.4) 5,653 (87.9) 0.501
APD use by therapeutic classe’s
Dopamine Precursors 1,928 (83.0) 5,153 (80.1) 0.0
Dopamine Agonists 661 (28.5) 2,050 (31.9) 0.002
MAO-B Inhibitors 145 (6.2) 624 (9.7) 0.001
COMT Inhibitors 250 (10.8) 602 (9.4) 0.049
Anticholinergics 160 (6.9) 467 (7.3) 0.554
Amantadine 200 (8.6) 585 (9.1) 0.486

'Patients may have usedL APD classes. Chi-square tests were used witlifisignce set at P-value < 0.05.

Table 4.1.13: Use of APDs by length of Part A Skys among 2,323 Part A-SNF Parkinson’s patients
1-30days 31-60days 61-100days 101-532 days
(n=823) (n=562) (n=752) (n=186)
n (%) n (%) n (%) n (%) P-value
Overall use of APDs 727 (88.3) 496 (88.3) 664 (88.3) 166 (89.3) 0.985
APD use by therapeutic classes

Dopamine Precursors 679 (82.5) 467 (83.1) 6251§83. 157 (84.4) 0.937
Dopamine Agonists 235 (28.6) 164 (29.2) 210 (27.9) 52 (28.0) 0.965
MAO-B Inhibitors 61 (7.4) 35 (6.2) 37 (4.9) 12 (.5 0.242
COMT Inhibitors 81 (9.8) 49 (8.7) 101 (13.4) 19 @p 0.032
Anticholinergics 53 (6.4) 40 (7.1) 48 (6.4) 19 @n. 0.292
Amantadine 77 (9.4) 53 (9.4) 58 (7.7) 12 (6.5) 6.41

Patients may have usedl APD classes. Chi-square or Fisher’s exact {ests30) were performed with
significance set at a P-value <0.05.

(2) Duration of therapyy Part A SNF status and by the length of Part A SNF stay
Overall mean duration of therapy (DOT) with any APDs was significaomher in

Part A SNF patients than in non-SNF patients (421 days vs. 510 days) (Table 4.1.14).

Similarly, SNF patients had a significantly shorter DOT in each ARBscIThis

observation was likely due to the fact that SNF patients had a shorter Part D drug

observation than did non-SNF patients, as drugs used by Part A SNF patignist ina

available to measure. When analyzing DOT by length of Part A SNFTshle(4.1.15),

we observed that overall, DOT significantly decreased as the stay gutrééss result

was further confirmed by use of the Duncan’s multiple range tests, in which DQIE mea
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for four length-of-stay Part A SNF groups were significantly difieeg P 0.05. This
finding confirmed our prior hypothesis that patients with longer Part A Si§Reshded

to have a shorter DOT, likely due to their shorter Part D drug observation peridds. At
drug class level, we also observed a significantly negative associatieeebePart A

SNF stay and DOT for dopamine precursors, dopamine agonists, and antich@inergic

Table 4.1.14: Duration of APD therapy among Pa8MF patients and among non- ParBNF patients

SNF patients Non-SNF patients
(n=2,019) (n=5,564)
Mean (SD) Mean (SD) P-value
Overall duration (days) 421 (133) 510 (120) 0.001
Duration (days) by therapeutic classés
Dopamine Precursors 444 (150) 493 (141) 0.001
Dopamine Agonists 364 (192) 410 (199) 0.001
MAO-B Inhibitors 253 (187) 293 (207) 0.033
COMT Inhibitors 300 (208) 371 (209) 0.001
Anticholinergics 321 (208) 384 (216) 0.001
Amantadine 288 (203) 339 (223) 0.004

TPatients may have usedl APD classes. T-tests were performed with sigaifce set at P-value < 0.05.

Table 4.1.15: Duration of APD therapy by lengthPaiit A SNF stay among 2,019 Part A-SNF PD patients
1-30 days 31-60 days 61-100days 101-532
(n=712) (n=490) (n=651) days(n=166)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) P-value
Overall duration (days) 459 (134) 438 (127) 386 (129) 350 (99) 0.001

Duration (days) by therapeutic classes
Dopamine Precursors 454 (146) 453 (144) 432 (159) 424 (141) 0.009

Dopamine Agonists 369 (193) 377 (191) 337 (199) acn) 0.046
MAO-B Inhibitors 250 (190) 253(183) 264 (203) 23%1) 0.968
COMT Inhibitors 333 (206) 312 (201) 262 (216) 3346) 0.110
Anticholinergics 382 (210) 334 (203) 260 (204) 2187) 0.023
Amantadine 314 (202) 289 (200) 246 (202) 310 (217) 0.280

Patients may have usedl APD classes. ANOVA was performed with significarset at P-value < 0.05.

(3) Adherence to APDs by Part A SNF status and by the length of Part A SNF stay
Overall, adherence to APDs did not significantly differ between patiattisand

without Part A SNF stay (Table 4.1.16). However, the differences in adedretween

SNF patients and non- SNF patients varied across drug class. The use of COMT

inhibitors and anticholinergics differed significantly between SNF patemd non-SNF
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patients, whereas this pattern was not observed for the other four classdsgamgine
precursors, dopamine agonists, MAO-B inhibitors, and amantadine). In the anélysis
adherence by length of Part A SNF stay (Table 4.1.17), mean overall & Rable for
1-30 and 31-60 Part A SNF stay and then decreased as the length of Part A SNF stay
increased. With regard to therapeutic classes, we observed that adherdopgamine
precursors and dopamine agonists differed significantly by length of ¢tage Was no

significant difference in adherence by length of stay for other fourdasges.

Table 4.1.16: Adherence to APDs (measured by MPR)r@g SNF patients and among non-SNF patients

SNF patients Non-SNF patients

(n=2,019) (n=5,564)
Mean (SD) Mean (SD) P-value
Overall MPR 0.86 (0.18) 0.88(0.17) 0.122
MPR by therapeutic classes
Dopamine Precursors 0.86 (0.20) 0.88 (0.18) 0.127
Dopamine Agonists 0.90 (0.30) 0.89 (0.18) 0.362
MAO-B Inhibitors 0.93 (0.20) 0.92 (0.17) 0.419
COMT Inhibitors 0.95 (0.44) 0.90 (0.19) 0.017
Anticholinergics 0.99 (0.57) 0.90 (0.20) 0.037
Amantadine 0.93 (0.41) 0.90 (0.19) 0.171

TPatients may have usedl APD classes. T-tests were performed with sigaifce set at P-value < 0.05.

Table 4.1.17: Adherence to APDs by length of PaBM¥ stay among 2,019 SNFPD patients with
APDs

1-30 days  31-60days 61-100 days 101-532 days

(n=712) (n=490) (n=651) (n=166)
Mean (SD)  Mean (SD) Mean (SD) Mean (SD) P-value
Overall MPR 0.88 (0.16) 0.88(0.19) 0.84(0.19) 0.79(0.20) 0.001

MPR by therapeutic classebs

Dopamine Precursors  0.88 (0.18) 0.88 (0.19) (08A&LY 0.80 (0.22) 0.001
Dopamine Agonists 0.91(0.16) 0.89 (0.25) 0.923p.4 0.79 (0.21) 0.022
MAO-B Inhibitors 0.94 (0.25) 0.94 (0.12) 0.91 (0)17 0.92 (0.20) 0.848

COMT Inhibitors 0.95(0.28) 0.99 (0.77) 0.98 (0.35) 0.78 (0.25) 0.306
Anticholinergics 1.01 (0.63) 1.02 (0.66) 0.98 (0.52 0.95(0.31) 0.969
Amantadine 0.90 (0.24) 0.91 (0.40) 1.01 (0.60) q®B20) 0.449

TPatients may have usedl APD classes. ANOVA was performed with significarset at P-value < 0.05.

(4) Switching/augmentation by Part A SNF status and by the length of Part A SNF stay
SNF patients did not significantly differ from non-SNF patients with cegaoverall
occurrences of switching and/or augmentation of APDs, as well as with regard t

individual occurrences of switching and augmentation, respectively (Tdbis8).
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Similarly, there was no significant difference across the four lengstagfPart A SNF
categories in overall switching and/or augmentation, as well as individuairences of

switching and augmentation of APDs, respectively (Table 4.1.19).

Table 4.1.18: Changes in switching and augmentatidXPDs among SNF patients and among non-SNF
patients in 7,583 PD patients wit@ APD fills
SNF patients  Non-SNF Patients

(n=2,019) (n=5,564)
Switching and augmentation n (%) n (%) P-value
Experienced 1
switching/augmentation occurrence 488 (24.2) 1,410 (25.3) 0.298
Experienced 1 switching
occurrence 264 (13.1) 765 (13.8) 0.449
Experienced 1 augmentation
occurrence 369 (18.3) 1,068 (19.2) 0.367

Chi-square tests were performed with significareteas P-value < 0.05.

Table 4.1.19: Changes in switching and augmentatigXPDs by length of Part A SNF stays among 2,019
PD patients with 2 APDs

1-30days 31-60 days 61-100 days 101-532 days
(n=712) (n=490) (n=651) (n=166)
Switching and augmentation n (%) n (%) n (%) n (%) P-value
Experienced 1
switching/augmentation occurrence 167 (23.5) 1229 163 (25.0) 36 (21.7) 0.761
Experienced 1 switching

occurrence 102 (14.3) 66 (13.5) 79 (12.1) 17 (10.2) 0.452
Experienced 1 augmentation
occurrence 122 (17.1) 93 (19.0) 128 (19.7) 26 (15.7 0.508

Chi-square or Fisher’s exact tests (n < 30) wertopmed with significance set at P-value < 0.05.

4.2.3.bDifferences in APD use/adherence between community patients and LTC patients

A total of 4,160 (47.5% of 8,758 PD sample) was identified as long-term care
(LTC) residents from 2006-2007 MDS and Medicare Part A SNF claims. Tids LT
population resided in LTC facilities for an average of 11.6 months over the 19-month
study period (Table 4.1.20). Among those LTC residents, 1,308 patients resided in LTC
facilities throughout the entire study period, with the majority of thenb@eBstaying

for as long as 19 months. The remaining LTC residents (n=2,852) were paiténts
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LTC stay(s) for some time during the study period, and over half (54.2%) of taged s

in facilities for 7 months

Table 4.1.20: Distribution of long-term care (LT€ay among 4,160 PD patients residing in LTC faedi

Mean Distribution of LTC stay (months)
patients LTC stay 1-6 7-12 13-18 19
(SD) n (%) n (%) n (%) n (%)
Overall LTC residents 4,160 11.6(7.0) |1,305 (31.4) 541 (13.0) 1,484 (35.7) 830 (20.0)
Patients in LTC throughout
entire study period 1,380 16.7 (3.5) 0 (0.0) 2|.g)l 271 (20.7) 830 (63.5)
Patients with LTC stay(s)
some time during study period 2,852 9.3(7.0) 1,@M8) 334 (11.7) 1213 (42.5) 0(0.0)

TMean LTC stay was measured in months. % = row péages.

We compared APD use among patients with different residential sthtus: (
patients who stayed in LTC for the entire study period, (2) patients who exeerienC
stay(s) some time during study period, and (3) patients who stayed in conesuniti
throughout the study period (Table 4.1.21). Overall, the use of APDs significantly
differed by residential status, with the highest probability of APD use imzomty
patients (90.3%), followed by patients with LTC stay(s) some time duringutie st
period (87.2%), and patients in LTC throughout the entire study period (81.6%).
However, APD use across the three residential groups varied by drugftiassse of
four classes—dopamine precursors, dopamine agonists, MAO-B inhibitors, and
amandatine—differed significantly among the three residenttalsstgoups, with the
community patients having the highest percentages of APD use in each of the four
classes. There was no difference across residential status in the usd Dirdiitors

and anticholinergics.
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Table 4.1.21: Use of APDs among 8,758 Medicare fimages with PD by residential status

Residential status

LTC throughout

Patients with LTC
stay(s) some time

Patients in
Patients in

entire study period during study period communities

APD use n=1,308 (100%)  n=2,852(100%) n=4,598(100%)  P-value

Overall APD use 1,067 (81.6) 2,488 (87.2) 4,150 (90.3) 0.001

APD use by drug class
Dopamine Precursors 1,000(76.5) 2,317 (81.2) R369) 0.001
Dopamine Agonists 295 (22.6) 805(28.2) 1,611(35.0) 0.001
MAO-B inhibitors 50 (3.8) 162(5.7) 557(12.1) 0100
COMT inhibitors 127 (9.7) 300 (10.5) 425(9.2) 500
Anticholinergics 88 (6.7) 198 (6.9) 341(7.4) 0.924
Amandatine 75 (5.7) 237 (8.3) 473 (10.3) 0.001

'Patients may have usedL APD classes. Chi-square tests were used witlifisignce set at P-value < 0.05.

We also compared duration of APD therapy by patients’ residential status in our
PD cohort (Table 4.1.22). Overall, mean duration of therapy (DOT) with AP2setif
significantly by residential status, with the highest mean DOT in commpitynts
(514 days), followed by patients with LTC stay(s) some time during the stuidy pe
(459 days), and patients in LTC throughout the entire study period (444 days). We further
conducted Duncan’s multiple range tests to determine which means were grouped
together. The results showed that the mean DOT in community patients sigiyificant
differed from that in patients with LTC stay(s) some time durinpaughout the study
period. At the drug class level, we observed a significant difference aesidsntial
status in the duration of dopamine precursors, dopamine agonists, MAO-B inhibitors, and

amantadine, but not for COMT inhibitors and anticholinergics.

Table 4.1. 22: Duration of APD therapy among pasidry residential status

Residential status

Patients in Patients with LTC
LTC throughout  stay(s) some time  Patients in
entire study period during study period communities
(n=1,062) (n=2,449) (n=4,072)
Duration of therapy Mean (SD) Mean (SD) Mean (SD) P-value
Overall duration (days) 444 (138) 459 (135) 514 (117) 0.001
Duration by drug class'
Dopamine Precursors 452 (141) 469 (146) 494 (143) 0.001
Dopamine Agonists 400 (169) 383 (196) 406 (204) 0.029

132



MAO-B inhibitors 399 (178) 247 (192) 287 (206) 0.001

COMT inhibitors 359 (185) 332 (214) 360 (215 0.172
Anticholinergics 362 (196) 355 (216) 378 122 0.478
Amandatine 383 (189) 289 (212) 335 (224) 0.002

'Patients may have used APD classes. Chi-square tests were used witlfisi@nce set at P-value < 0.05.

When comparing adherence to APDs by residential status (Table 4.1.23), we
observed that patients in communities had the lowest adherence value (MPR=0.86),
followed by patients with LTC stay(s) some time during the study periodREARB8),
and patients in LTC throughout the entire study period (MPR=0.92). The Duncan’s
multiple range tests further confirmed that mean MPR in community patvests
significantly lower than that in patients with LTC stay(s) some timadwr throughout
the entire study period. At the drug class level, adherence to dopamine precursors,
dopamine agonists, COMT inhibitors, and anticholinergics significantly varredsathe
three types of residential status. There was no significant diffener@ctherence by

residential status for other two drug classes.

Table 4.1.23: Adherence to APDs among Parkinsoatiepts by residential status
Residential status
Patients in Patients with LTC
LTC throughout stay(s) some time Patients in
entire study period during study period communities

(n=1,062) (n=2,449) (n=4,072)

Mean (SD) Mean (SD) Mean (SD)  P-value
Overall MPR 0.92 (0.15) 0.88(0.17) 0.86(0.17)  0.001
MPR by drug class
Dopamine Precursors 0.92 (0.16) 0.88 (0.18) 0.86 (0.19) 0.001
Dopamine Agonists 0.93(0.15) 0.91 (0.27) 0.88 (0.19) 0.001
MAO-B inhibitors 0.93(0.12) 0.95 (0.20) 0.92 (0.17) 0.131
COMT inhibitors 0.95(0.20) 0.95 (0.40) 0.89 (0.21) 0.011
Anticholinergics 0.92 (0.21) 0.99 (0.51) 0.89 (0.21) 0.002
Amandatine 0.93 (0.14) 0.94 (0.39) 0.89 (0.20) 0.100

IPatients may have used APD classes. ANOVA was performed with significarset at P-value < 0.05.
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4.2.4.Summary of Aim 1

We summarized the findings APD use and adherence among Medicare PDP enrollees with

PD asfollows:

(1) Overall APD use: During the 19-month study period (6/1/2006-12/31/2007), the
majority (88.0%) of the Medicare PDP enrollees with PD had one or more APD uses.
More than half (57.5%) were monotherapy users. Dopamine precursors (DPs) were
the most commonly used for either monotherapy or combination therapy.

(2) Duration of APDs: Over a 579-day study period, more than two-thirds (75.3%) of the
APD users had a treatment duration of at least 436 days. Combination-thexnapy us
tended to use drugs longer than monotherapy users. At the drug class level, patients
with DPs and DAs tended to be long-duration users, compared to patients with MAO-
B inhibitors, COMT inhibitors, anticholinergics, or amantadine.

(3) Adherence to APDs: 72.7% of the APD users had an MPR greater than or equal to
0.80, regardless of whether they were single or multiple APD users. Tipnstocke
of adherence was also observed for each drug class.

(4) Trends of APD use: In any given month of the 19-month study period, over half of
APD users received one APD, almost one in four used two APDs, and only a few
used 3 or more APDs. Between 11.5% and 20% of APD users had no APD use in
certain months. Similar patterns were observed among monotherapy users and
combination-therapy users.

(5) APD interruptions: One-third (33.8%) of the Parkinson’s patients interrupted their
APDs for at least 1 month at any time during the study period; of thesehitd®-t

stopped using APDs for 1-2 months and more than one in four had a long-term
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interruption of APDs (i.e., 2 months). In addition, monotherapy users tended to
experience a greater percentage of interruption longer than 90 days than did
combination-therapy users (33.7% vs. 22.5%).

(6) Switching and augmentation: A total of 25.0% of patients experienced one or more
occurrences of switching and/or augmentation in their APD regimen. Switching and
augmentation of APDs occurred in 13.6% and 19.0% of the patients, respectively.
Dopamine precursors were the less frequently switched and added class of APD,

whereas MAO-B inhibitors were the most commonly switched and added class.

Findings of subgroup analyses by Part A SNF status and by Part A SNF stay:
Duration of APD therapy significantly differed by Part A SNF status aithdo length
of Part A SNF stay (Tables 4.1.14 and 4.1.15, respectively). However, we did not
observe differences in APD use, adherence, and the occurrences of swihching/a
augmentation of APDs between patients with and without the SNF stalyeNeid we

observe the differences in these three APD use measures within the Pa&ftpatiixts.

Findings of descriptive analyses by residential status:

All three primary APD use measures (use, duration, and adherence)ddsifgmdicantly

by residential status (Tables 4.1.21, 4.1.22, and 4.1.23, respectively). Post-hoc analyses
showed that patients in communities had a higher percentage of APD use aret a long
duration of APD therapy, but a lower adherence to APDs, compared to paiibnitS @
stay(s) some time during the study period and patients in LTC throughout the stud

period.
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4.3.Aim 2

Aim 2: To examine the factors associated with use and adherence to APDs amon
Medicare Parkinson’s patients continuously enrolled in PDPs from June 1, 2006
through December 31, 2007 or date of death

(=]

4.3.1. Demographic and clinical characteristics of the overall Medicare PD cairt

Overall, the cohort of 8,758 Medicare beneficiaries with PD was predominantly
female (59.9%), white (88.8%), and over the age of 65 (93.6%) (Table 4.2.1). More than
half of beneficiaries were LIS eligible (52.6%) and two-thirds waréyd®DP enrollees
(68.5%). Two out of three (65.7%) PD patients had been seen by neurologists during the
19-month study period. During the study period, 39.1% received diagnoses of depression,
Alzheimer’s disease (41.9%), dementia (49.8%), and psychosis (25.8%). Overall, more
than half (52.3%) had 9 or more comorbidities and half (50.0%) used 13 or more non-PD
drugs for their comorbidities. A large proportion (47.5 %, n=4160) resided in long-term
care (LTC) facilities either throughout or some time during the 19-month prdd.
Of the 4,160 LTC facility patients, 1,874 patients had LTC stay(s) between 1 and 12
months, whereas 2,286 patients had LTC stay(s) between 13-19 months. In terms of
health-promoting behaviors, 48.1% of the 8,758 patients did not engage in any of the
studied preventive services (i.e., influenza vaccination, mammography/pap smear
screening, prostate cancer screening, and colorectal cancer screenaigl) oA,272
patients (14.5%) died during 2007. In this 8,758 PD cohort, two-thirds (69.3%) of
patients had Part D drugs available for observation for the entire studg (E9io
months), while the remaining (31.7%) had a partial Part D drug observation period

(between 1 and 18 months) due to deaths or Medicare-covered hospital/SNF stay.
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Table 4.2. 1: Distributions of demographic andickihcharacteristics among 8, 758 Medicare PD pttie
with continuous PDP enrollment from 6/1/ 2006 tlglod 2/31/2007 or date of death

Total PD sample

Characteristics N %
0
Patients 8,758 100
Age
64 560 6.4
65— 74 2328 26.6
75-84 4007 45.8
85 + 1863 21.3
Sex
Female 5249 59.9
Male 3509 40.1
Race
White 7780 88.8
Black 471 5.4
Hispanic 217 2.5
Asian 155 1.8
Other 135 1.5
Region
Northeast 1887 215
North Central 2362 27.0
South 3259 37.2
West 1250 14.3
Low-income subsidy(LIS) status
LIS 4609 52.6
Non-LIS 4149 47.4
Early vs. late enrollees
Early enrollees 6003 68.5
Late enrollees 2755 315
Seen by neurologists
Yes 5751 65.7
No 3007 34.3
Depression
Yes 3423 39.1
No 5335 60.9
Cognitive conditions
Had Alzheimer’s disease 3669 41.9
Had dementia 4362 49.8
Had psychosis 2256 25.8
# of cognitive conditions
0 3,190 36.4
1 2,112 24.1
2 2,193 25.0
3 1,263 14.4
Comorbid conditions
1-6 2032 23.2
7-8 2145 24.5
9-10 2060 23.5
11-22 2521 28.8
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Number of non-PD drugs

0-7 2030 23.2
8-12 2347 26.8
13-18 2278 26.0
19-76 2103 24.0
Residential status

Patients in communities 4598 52.5
Patients in LTEthroughout entire 1308 14.9
study period

Patients with LTEstay(s) some time 2852 32.6

during the study period
Length of LTC? stay

0 month 4598 525

1-12 months 1874 21.4

13-19 months 2286 26.1
Preventive services use

0 4210 48.1

1 3316 37.9

2-3 1232 14.1
Death in 2007

Yes 1272 14.5

No 7486 85.5
Length of Part D drug observation

2-12 months 640 7.3

13-18 months 2049 23.4

19 months 6069 69.3

1other included the natives of North American ardhiiuals with other or unknown races and
ethnicities.
2LTC: Long-term care
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4.3.2.Unadjusted and adjusted results for Hypothesis 2.1

H2.1: PD patients who are younger, are white, are low-income subsidy (LIS) eligible, are
early enrollees, have neurologist visits, have no depression, have no cognitive
impairment, have no depression, have a lower number of comorbidities, have a lower
number of non-PD drugs, have a higher use of preventive services, and stay in long-term
care (LTC) facilities are more likely to use APDs.

We performed chi-square tests to compare unadjusted differences in demographic
and clinical characteristics between patients with one or more APD#®B.users) and
patients with no APD (i.e., non-APD users) (Table 4.2.2). Compared to the non-APD
users, the APD users were significantly more likely to be younger, be Wwaiteon-LIS
recipients, have visits with neurologists, have no Alzheimer’s disease, havenaotide
fill a higher number of non-PD prescription drugs, have no LTC stay, use preventive
service(s), and survive through 2007. No significant differences were observedrbetwe
the two groups regarding gender, whether they were early or late PDP enrollee
depression status, psychosis status, and comorbid conditions.

We then conducted the multivariate analysis using the modified Poisson
regression with robust standard errors to determine the factors asboctatthe use of
APDs (analyzed as a dichotomous variable: use or no use) among the 8,758 Medicare
Parkinson’s patients (Table 4.2.3). In this regression analysis, we excludediaitega
(1) “residential statu$ which had a variance inflation factor (VIF) of 6 because of its
high collinearity with LTC stay, and (2Jart D drug observation periddwhich had a
VIF of 5 because of its high collinearity with death in 2007. As mentioned in the
Methods chapter, we excluded independent variables with a VIF of 2 or greater from

regression analyses, as they are considered multicolfifear.
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After adjustment for covariates, the following factors were sigmflgassociated

with the use of APDs:

(1)

(2)

3)

(4)

(5)

(6)

Region Patients who were residents of the North Central region (prevalence rate
ratio (PRR) =1.04, 95% CI=1.01-1.06), the South region (PRR=1.04, 95% CI=1.02-
1.07), and the West region (PRR=1.04, 95% CI=1.02-1.07) were significantly more
likely to use APDs, compared to patients who were residents of the Northeast
region.
LIS status: Patients who were LIS recipients were significantly less likelyse
APDs (PRR=0.98, 95% CI1=0.96-1.00), compared to those who were non-LIS
recipients.
Early vs. late enrollment: Patients who were early PDP enrollees were
significantly more likely to use APDs (PRR=1.02, 95% CI=1.00-1.04), compared to
patients who were late PDP enrollees.
Seen by neurologistsPatients who had been seen by neurologists during the study
period were significantly more likely to use APDs (PRR=1.19, 95% Cl= 1.16—
1.22), compared to patients who had not been seen by such specialty.
Cognitive conditions Parkinson’s patients who had any of the three cognitive
conditions (Alzheimer’s disease, dementia, and psychosis) were sigmyfilemst
likely to use APDs (PRR=0.97, 95% CI=0.95-0.99 for 1 condition; PRR=0.96, 95%
C1=0.94-0.98 for 2-3 conditions), compared to patients who did not have any of
these conditions.
Comorbid conditions: Compared to patients who had 1-6 comorbidities, patients

who had 11 or more comorbidities were significantly less likely to use APDs
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(PRR=0.98, 95% CI=0.94-1.00). No significant association was observed for
patients with 7-8 and 9-10 comorbidities.

(7) Number of non-PD drugs Compared to patients with 7 or fewer non-PD drugs,
patients with 8 or more non-PD drugs were significantly more likely to &&sA
(PRR=1.05, 95% CI=1.03-1.08 for both 8-12 drugs and 13-18 drugs; PRR=1.08,
95% CI=1.05-1.11 for 19 or more drugs).

(8) Length of LTC stay: Compared to patients without any LTC stay throughout the

study period, patients with LTC stay(s) between 1-12 months were moretbkely

use APDs (PRR=1.03, 95% CI=1.01-1.05). No significant association was observed

for patients with LTC stay(s) between 13-19 months.

In summary, after adjustment for covariates, consistent with Hypothesis 2.1,

patients who were early enrollees (vs. late enrollees), had neurolods{wgsino visit),
had no cognitive impairment (vs. had impairment), had fewer comorbidities (1-6 vs. 11-
22 comorbidities), and stayed in LTC setting (1-12 month vs. 0 month) were more likely
to use APDs. However, contrary to the hypothesis, LIS recipients (vs. nonAdS) a
patients with a lower drug burden (i.e., those with 0-7 vs. with 8+ non-PD drugs) had a
lower probability of using APDs. We observed no association between APD use and
several factors including age, race, depression, and preventive serviceteuse, af

controlling for covariates.
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Table 4.2.2: Differences in demographic and clinateracteristics between Medicare PD patients with
APD use and without APD use from 6/1/2006 througf81/ 2007 or date of death
Any APD use No APDuse  P-valug

Characteristics . % - %
Patients 7,706 100 1,052 100
Age
64 497 6.4 63 6.0

65-74 2104 27.3 224 21.3

75 -84 3549 46.1 458 43,5

85+ 1556 20.2 307 29.2 <0.001
Sex

Female 4613 59.9 636 60.5

Male 3093 40.1 416 39.5 0.712
Race

White 6881 89.3 899 85.5

Black 389 5.0 82 7.8

Hispanic 186 2.4 31 2.9

Asian 131 1.7 24 2.3

Other 119 1.5 16 1.5 0.002
Region

Northeast 1600 20.8 287 27.3

North Central 2096 27.2 266 25.3

South 2895 37.6 364 34.6

West 1115 145 135 12.8 <0.001
Low-income subsidy (LIS) status

LIS 3918 50.8 691 65.7

Non-LIS 3788 49.2 361 34.3 <0.001
Early vs. late enrollees

Early enrollees 5262 68.3 741 704

Late enrollees 2444 31.7 311 29.6 0.158
Seen by neurologists

Yes 5369 69.7 382 36.3

No 2337 30.3 670 63.7 <0.001
Depression

Yes 3006 39.0 417 39.6

No 4700 61.0 634 60.4 0.694
Cognitive conditions

Had Alzheimer’s disease 3160 41.0 509 48.4 <0.001

Had dementia 3724 48.3 638 60.6 <0.001

Had psychosis 1986 25.8 270 257 0.941

# of cognitive conditions

0 2904 37.7 286 27.2

1 1838 23.9 274  26.1

2 1860 24.1 333 31.7

3 1104 14.3 159 15.1 <0.001
Comorbid conditions

1-6 1794 23.3 238 22.6

7-8 1868 24.2 277 26.3

9-10 1811 23.5 249 23.7

11-22 2233 29.0 288 27.4 0.908
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Number of non-PD drugs

0-7 1736 22.5 294 279

8-12 2076 26.9 271 25.8

13-18 2009 26.1 269 25.6

19-76 1885 24.5 218 20.7 <0.001

Residential status

Patients in communities 4151 53.9 447 42.5

Patients in LTEthroughout 1067 13.9 241 229

entire study period

Patients with LTEstay(s) some 2488 32.3 364 34.6 <0.001

time during the study period
Length of LTC? stay

0 month 4151 53.9 447 425

1-12 months 1674 21.7 200 191

13-19 months 1871 24.4 405 38.5 <0.001
Preventive services use

0 3559 46.2 651 61.9

1 2990 38.8 326 31.0

2-3 1157 15.0 75 7.1 <0.001
Death in 2007

Yes 1058 13.7 214 20.3

No 6648 86.3 838 79.7 <0.001
Length of drug observation

2-12 months 531 6.9 109 104

13-18 months 1794 23.3 255 242

19 months 5381 69.8 688 65.4 <0.001

TOther included the Natives of North American ardividuals with other or unknown races and
ethnicities.
2 LTC=long-term caré;The statistical significance was set at P-val@e05.
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Table 4.2.3: Factors associated with the use of A®fong 8, 758 Medicare Part D enrollees with PD
from 6/1/2006 through 12/31/ 2007 or date of death.

Use of APDs (use vs. no use)

Factors Adjusted PRR  95% CF
Age
65— 74 vs. 64 1.01 (0.98-1.05)
75 -84 vs. 64 1.02 (0.99-1.06)
85+ vs. 64 1.00 (0.97-1.04)
Female vs. male 1.00 (0.99-1.02)
Race
Black vs. White 0.96 (0.92-1.00)
Other vs. White 0.98 (0.95-1.02)
Region
North Central vs. Northeast 1.04 (1.01-1.06)**
South vs. Northeast 1.04 (1.02-1.07)***
West vs. Northeast 1.04 (1.02-1.07)***
LIS vs. non-LIS recipients 0.98 (0.96- 1.00)*
Early vs. late enrollees 1.02 (1.00-1.04)*
Seen by neurologistgyes/no) 1.19 (1.16-1.22)***
Had depression(yes/no) 1.00 (0.98-1.02)
Cognitive conditions
1vs.0 0.97 (0.95-0.99)**
2-3vs. 0 0.96 (0.94-0.98)***
Comorbid conditions
7-8 vs. 1-6 0.98 (0.96-1.00)
9-10 vs. 1-6 0.99 (0.96-1.01)
11-22 vs. 1-6 0.98 (0.95-1.00)*
Number of non-PD drugs
8-12 vs. 0-7 1.05 (1.03-1.08)***
13-18 vs. 0-7 1.05 (1.03-1.08)***
19-76 vs. 0-7 1.08 (1.05-1.11)**=
Length of long-term-care stay
1-12 months vs. 0 month 1.03 (1.01-1.05)**
13-19 months vs. 0 month 1.01 (0.98-1.04)
Preventive services use
1vs.0 1.00 (0.99-1.02)
2-3vs. 0 1.02 (1.00-1.04)
Death in 2007(yes/no) 0.98 (0.95-1.00)
Inverse Mill's Ratio 1.10 (1.02-1.18)*

'PRR=prevalence rate ratio, calculated as a ratibeoprevalence of outcome in the study group¢o th
prevalence of outcome in the reference group

2 Cl=confidence interval; * P < 0.05; **P < 0.01;*®*< 0.001

3 Other included Hispanics, Asians, the Natives ofehicans, and other or unknown races and ethrscitie
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4.3.3.Unadjusted and adjusted results for Hypothesis 2.2

H2.2: PD patients who are younger, are white, are LIS eligible, are early enrollees,
have neurologist visits, have no depression, have no cognitive impairment, have rjo
depression, have a lower number of comorbidities, have a lower number of PD and non-
PD drugs, have a lower number of changes in APD use, have multiple use of preventive
services, and stay in LTC facilities are more likely to have longer duration of APD
therapy.

We analyzed factors associated with duration of therapy (DOT) for ARPDBG
7,583 PD patients who had? fills of any APDs, because two data points were necessary
to measure the duration of therapy based on its definition (i.e., days betweert #ralfirs
the last fill plus the days’ supply of the last fill). We first performedsthiare tests to
compare unadjusted differences in demographic and clinical charactextstss four
groups of patients with different duration of therap00 days (short DOT), 401-539
days (medium DOT), 540-578 days (long DOT), and 579 days (maximum DOT).
Unadjusted results showed that the DOT groups differed significantly on all afctioesf
studied (Table 4.2.4). Compared to patients with the short DOT, patients with longer
DOT (i.e., medium/long/maximum) tended to be younger, be female, be
Hispanic/Asian/other races and ethnicities, be non-LIS recipients, lyecaanllees, and
have visits with neurologists. Also, those with longer DOT were more likelyv® ia
depression/Alzheimer’s disease/dementia/psychosis, have fewer cotmesphave
lower drug burden, have change(s) in their PD therapy, stay in commutiigsetnd
use preventive services.

In the multivariate regression analysis of factors associated with tagotuof
APD therapy (Table 4.2.5), we excluded residential status (due to its cotirveiini

LTC stay) and Part D drug observation period (due to its collinearity with deda007).
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We performed three separate binary models regressing each of the tatesdur
subgroups (medium, long, and maximum DOT) against the reference group (shgrt DOT
For each binary model, a Modified-Poisson regression with robust standard\esors

used to generate the prevalence rate ratios (PRRS) of factors asbadththigher DOT.
After adjustment for covariates and sample selection bias with Hecknractomr

approach in the regression models, the following variables were signiieasticiated

with longer DOT (Table 4.2.5):

(1) Gender. Female patients were significantly more likely than male patienthave
longer duration of APD therapy. The probabilities of having medium DOT
(PRR=1.03, 95% CI=1.01-1.05), long DOT (PRR=1.05, 95% CI=1.02-1.08), and
maximum DOT (PRR=1.04, 95% CI=1.01-1.07) were higher among women than men.

(2) LIS status: LIS recipients, relative to non-LIS recipients, were significarethg llikely
to have medium DOT (PRR=0.97, 95% CI1=0.94-0.99) and long DOT (PRR=0.94,
95% CI1=0.91-0.97), although no difference in the probability of having maximum
DOT was observed by LIS status.

(3) Early vs. late enroliment Early enrollees, relative to late enrollees, were significantly
more likely to have long (PRR=1.06, 95% CI=1.03-1.09) and maximum DOT
(PRR=1.12, 95% CI=1.08-1.16), although no difference in the probability of having
medium DOT was observed between early and late enrollees.

(4) Depression Parkinson’s patients with depression diagnosis, relative to those without,
were significantly less likely to have the maximum DOT (PRR=0.96, 95%.23=
0.99), although no difference in the probability of having medium and long DOT was

detected by depression status.
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(5) Cognitive conditions Compared to PD patients without any of the three cognitive
conditions (Alzheimer’s disease, dementia, and psychosis), patients with one
multiple cognitive conditions were significantly less likely to have longraagimum
DOT, although no association was seen with medium DOT.

(6) Comorbid conditions: Increased number of comorbidities was significantly
associated with a reduced probability of having maximum DOT. A similarpaites
observed with the long DOT among patients with 11-22 conditions (PRR=0.89, 95%
C1=0.85-0.93 vs. patients with 1-6 comorbidities). We did not observe an association
between comorbidities and medium DOT.

(7) Number of PD and non-PD drugs Compared to patients with 7 or fewer drugs
during the study period, patients with 13-18 drugs were significantly more lkely t
have longer duration of APD therapy (medium DOT: PRR=1.04, 95% CI=1.01-1.08;
long DOT: PRR=1.06, 95% CI=1.02-1.10; maximum DOT: PRR=1.05, 95% CI=1.01-
1.09). However, no association was seen for patients with 8-12 drugs and 19-76 drugs.

(8) Changes in PD therapy Compared to patients with no change in their PD therapy,
patients with one and multiple changes were significantly more likely to hadieimme
DOT (PRR=1.09, 95% CI=1.01-1.07 for 1 change; PRR=1.09, 95 % CI=1.05-1.13 for
2-8 changes), long DOT (PRR=1.11, 95% CI=1.08-1.15 for 1 change; PRR=1.09, 95
% CI1=1.05-1.13 for 2-8 changes), and maximum DOT(PRR=1.12, 95% CI=1.09-1.16
for 1 change; PRR=1.08, 95 % CI=1.03-1.13 for 2-8 changes).

(9) Length of LTC stay: Compared to patients with no LTC stay throughout the study
period, patients with LTC stay(s) between 1-12 months were more likely¢o ha

medium DOT (PRR=1.04, 95% CI=1.01-1.07), but less likely to have long DOT
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(PRR=0.88, 95% CI1=0.85-0.92) and maximum DOT (PRR=0.73, 95% CI=0.68-0.77).
Patients with LTC stay(s) between 13-19 months were significantly nketg 1o
have both medium (PRR=1.18, 95% CI=1.14-1.22) and maximum DOT (PRR=1.06,
95% CI=1.01-1.11), although no association was observed with long DOT.
(10) Preventive services useCompared to patients without using any of the studied
preventive services, patients with services were significantly maaig tio have
medium DOT (PRR=1.04, 95% CI=1.01-1.06 for 1 use; PRR=1.04, 95% CI=1.00-1.08
for 2-3 uses) or long DOT (PRR=1.03, 95% CI=1.00-1.06 for 1 use). We did not
observe an association between preventive services use and maximum DOT.
In summary, after adjustment for all covariates and sample selectipndnasstent
with our Hypothesis 2.2, patients who were early enrollees (vs. late enrdil@es)o
cognitive impairment (vs. had impairment), had no depression (vs. had depression), had
fewer comorbidities (1-6 vs. 7 + conditions), had preventive services use (vs. nadse), a
had LTC stays between 13 -19 months (vs. 0 month) were more likely to have longer
duration of APD therapy. However, contrary to the hypothesis, patients witfv&.lS
without LIS), a lower drug burden (i.e., 0-7 vs. 13-18 drugs), and patients with no change
in PD therapy (vs. 1 changes), and patients who had LTC stays between 1-12 months
(vs. 0 month) were less likely to have longer duration of APD therapy. We observed no
association between duration of APD therapy and four factors including age, race, and

having neurologist visits after controlling for all covariates.
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Table 4.2.4: Differences in demographic and cliniteracteristics across APD usensth different

duration of APD therapy from 6/1/2006 through 12/3007 or date of death

Duration of APD therapy (days) (n=7,583)

Short Medium Long Maximum
( 400) (401-539) (540-578) (579)
Characteristics n (%) n (%) n (%) n (%) P-valuée’
APD users$ 1,553(100) 1,908 (100) 2,082 (100) 2,040 (100)
Age
: 64 68 (4.4) 88 (4.6) 146 (7.0) 186 (9.1)
65 -74 356 (22.9) 498 (26.1) 576 (27.7) 64463B1.
75-84 695 (44.8) 913 (47.9) 998 (47.9) 886 (43.4)
85 + 434 (27.9) 409 (21.4) 362 (17.4) 324 (15.9) .06Q
Sex
Female 861(55.4) 1,190 (62.4) 1,268 (60.9) 1,224 (60.0)
Male 692(44.6) 718 (37.6) 814 (39.1) 816 (40.0) <0.001
Race
White 1,382 (89.0) 1,715(89.9) 1,849(88.8) 1827B
Black 94 (6.1) 101 (5.3) 97 (4.7) 90 (4.4)
Hispanic 35 (2.3) 38 (2.0) 69 (3.3) 39(1.9)
Asian 23 (1.5) 31(1.6) 31(1.5) 42(2.1)
Othef 19 (1.2) 23 (1.2) 36 (1.7) 40(2.0) 0.018
Region
Northeast 328 (21.1) 393 (20.6) 415 (19.9) 439 (21.5)
North Central 398 (25.6) 545 (28.6) 549 (26.4) 583 (28.6)
South 626 (40.3) 709 (37.2) 802 (38.5) 710 (34.8)
West 201 (12.9) 261 (13.7) 316 (15.2) 308 (15.1) 0.032
Low income Subsidy (LIS)
LIS 891 (57.4) 1,055 (55.3) 914 (43.9) 1,013 (49.7)
Non-LIS 662 (42.6) 853 (44.7) 1,168 (56.1) 1,020.3% <0.001
Early vs. late enrollees
Early enrollees 1029 (66.3) 1240 (65.0) 1382 (66.4) 1541 (75.5)
Late enrollees 524 (33.7) 668 (35.0) 700 (33.6) 499 (24.5) <0.001
Seen by neurologists
Yes 986 (63.5) 1333 (69.9) 1558 (74.8) 1403 (68.8)
No 567 (36.5) 575 (30.1) 524 (25.2) 637 (31.2) 0.0
Depression
Yes 667 (42.9) 919 (48.2) 775 (37.2) 598 (29.3)
No 886 (57.1) 989 (51.8) 1,307 (62.8) 1442 (70.7) <0.001
Cognitive conditions
Had Alzheimer’s disease 805 (51.8) 986 (51.7) 779 (37.4) 531(26.0) <0.001
Had dementia 977 (62.9) 1,107 (58.0) 895 (43.0) 677(33.2) <0.001
Had psychosis 528 (34.0) 663 (34.7) 471 (22.6) 286 (14.0) <0.001
# of cognitive conditions
0 369 (23.8) 510 (26.7) 893 (42.9) 1,093 (53.6)
1 385 (24.8) 445 (23.3) 478 (23.0) 502 (24.6)
2 472 (30.4) 548 (28.7) 466 (22.4) 343 (16.8)
3 327 (21.1) 405 (21.2) 245 (11.8) 102 (5.0) <0.001
Comorbid conditions
1-6 239 (15.4) 257 (13.5) 430 (20.7) 839 (41.1)
7-8 289 (18.6) 364 (19.1) 531 (25.5) 661 (32.4)
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9-10
11-22
Number of PD & non-PDD
drugs
0-9
10-14
15-20
21-78
Changes in PD therapy
0
1
2-8
Residential status
Patients in communities

Patients in LTEthroughout

the entire study period

Patients with LT€ some

time during the study period
Length of LTC?® stay

0 month

1-12 months

13-19 months
Preventive services use

0

1

2-3
Death in 2007

Yes

No

Part D drug observation
period
2-12 months

13-18 months
19 months

353 (22.7)
672 (43.3)

341 (22.0)
410 (26.4)
373 (24.0)
429 (27.6)

1315 (84.7)
143 (9.2)
95 (6.1)

585 (37.7)
348 (22.4)

620 (39.9)

585 (37.7)
657 (42.3)
311 (20.0)

897 (57.8)
515 (33.2)
141 (9.1)

703 (45.3)
850 (54.7)

521 (33.5)
484 (31.2)
548 (35.3)

469 (24.6)
818 (42.9)

318 (16.7)
453 (23.7)
528 (27.7)
609 (31.9)

1380 (72.3)
323 (16.9)
205 (10.8)

661 (34.6)
323 (16.9)

924 (48.4)

661 (34.6)
616 (32.3)
631 (33.1)

953 (49.9)
705 (36.9)
250 (13.1)

280 (14.7)
1628 (85.3)

0 (0)
1155(60.5)
753 (39.5)

585 (28.1)
536 (25.7)

482 (23.2)
524 (25.2)
559 (26.8)
517 (24.8)

1498 (72.0)
344 (16.5)
240 (11.5)

1378 (66.2)
180 (8.6)

524 (25.2)

1378 (66.2)
310 (14.9)
394 (18.9)

795 (38.2)
920 (44.2)
367 (17.6)

53 (2.5)
2029 (97.5)

0(0)
123 (5.9)
1959 (94.1)

379 (18.6)
161 (7.9)

670 (32.8)
661 (32.4)
444 (21.8)
265 (13.0)

1492 (73.1)
355 (17.4)
193 (9.5)

1448 (71.0)
211 (10.3)

381 (18.7)

1448 (71.0)
59 (2.9)
533 (26.1)

871 (42.7)
794 (38.9)
375 (18.4)

0 (0)
2040 (100)

0 (0)
0(0)
2,040 (100)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

TAPD users were defined as PD patients who had twoove APDs during the study period.

2Other included the Natives of North American ardividuals with other or unknown races and

ethnicities.
3 LTC=long-term care

* The statistical significance was set at P-val@e05.
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Table 4.2.5: Factors associated with duration obARerapy among 7,583 Medicare Part D enrolleel wit
PD who used 2 APDs from 6/1/ 2006 through 12/31/2007 or datdexth

Duration of APD therapy (days)

Medium vs. short

Long vs. short

Maximum vs. short

Factors (401-539 vs. 400) (540-578 vs. 400) (579 vs. 400)
PRR 95% CF PRR 95% CF PRR 95% CF

Age

65— 74 vs. 64 1.01 (0.96-1.07) 0.95 (0.90-1.01) 0.94 (0.94-1.04)

75 -84 vs. 64 1.01 (0.96-1.07) 0.99 (0.93-1.04) 0.95 (0.95-1.05)

85 +vs. 64 0.99 (0.94-1.05) 0.96 (0.90-1.02) 0.90 (0.90-1.01)
Female vs. male 1.03 (1.01-1.05)***| 1.05 (1.02-1.08)*** 1.04 (1.01L07)**
Race

Black vs. White 0.98 (0.94-1.03) 0.97 (0.91-1.03) 0.95 (0.89-1.02)

Othef vs. White 1.00 (0.95-1.04) 1.04 (0.99-1.10) 0.99 (0.94-1.05)
Region

North Central vs. Northeast 1.01  (0.99-1.04) 1.00 (0.96-1.04) 0.98 (0.95-1.02)

South vs. Northeast 1.00 (0.97-1.03) 0.99 (0.96-1.03) 0.97 (0.94-1.01)

West vs. Northeast 1.01 (0.98-1.05) 1.01 (0.96-1.05) 0.97 (0.93-1.02)
LIS vs. non-LIS recipients 0.97 (0.94-0.99)** 0.94 (0.91-0.97)*4 1.00 (0.97e4)
Early vs. late enrollees 1.00 (0.98-1.02) 1.06 (1.03-1.09)**r 1.12 (1.08@)1%*
Seen by neurologists 1.02  (0.99-1.04) 1.00 (0.96-1.03) 0.98 (0.94-1.01)
(yes/no)
Had depression(yes/no) 0.99 (0.97-1.01) 0.98 (0.95-1.01) 0.96 (0.93-0.99)*
Cognitive conditions

1vs. 0 0.98 (0.95-1.01) 0.95 (0.91-0.98)**f 0.93 (0.90-D)&*

2-3vs. 0 0.98 (0.95-1.01) 0.94 (0.91-0.97)**f 0.88 (0.84-D)&*
Comorbid conditions

7-8 vs. 1-6 1.00 (0.97-1.04) 1.00 (0.96-1.04) 0.96 (0.93-0.99)*

9-10 vs. 1-6 0.99 (0.96-1.03) 0.98 (0.94-1.03) 0.86 (0.83-0.89)*

11-22 vs. 1-6 0.98 (0.94-1.02) 0.89 (0.85-0.93)**f 0.66 (0.62-W)7*
# of PD & non-PD drugs

8-12 vs. 0-7 1.02 (0.99-1.05) 1.02 (0.98-1.06) 1.03 (1.00-1.06)

13-18 vs. 0-7 1.04 (1.01-1.08)* 1.06 (1.02-1.10)**+ 1.05 (1.0109)**

19-76 vs. 0-7 1.02 (0.98-1.05) 1.03 (0.98-1.08) 0.98 (0.96-1.09)
Changes in PD therapy

1lvs. 0 1.09 (1.06-1.12)**+*| 1.11 (1.08-1.15)** 1.12 (1.0BA6)***

2-8vs. 0 1.09 (1.05-1.13)***| 1.09 (1.05-1.13)*** 1.08 (1.0BA3)***
LTC stay

1-12 months vs. 0 month  1.04 (1.01-1.07)** 0.88 (0.85-0.92)**% 0.73  (0.6877)***

13-19 months vs. 0 month  1.18  (1.14-1.22)**| 1.01 (0.97-1.06) 1.06 (1.01-D)%
Preventive services use

1vs. 0 1.04 (1.01-1.06)** 1.03 (1.00-1.06)* 1.02 (0.988)0

2-3vs. 0 1.04 (1.00-1.08)* 1.02 (0.98-1.07) 1.02 (0.98-1.07)
Death in 2007(yes/no) 0.79 (0.77-0.82)***| 0.53 (0.50-0.55)*** 0.45 (0.4347)***
Inverse Mills’ Ratio 0.97 (0.87-1.09) 0.91 (0.80-1.04) 1.00 (0.89-1.11)

TAPD users were defined as PD patients who had twoooe APDs during the study period.
2PRR=prevalence rate ratio, calculated as a ratibeoprevalence of outcome in the study group ¢o th
prevalence of outcome in the reference grdGp=confidence interval; * P < 0.05; **P < 0.01;**R

0.001

* Other included Hispanics, Asians, the Natives ofehicans, and other or unknown races and ethrscitie
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4.3.4.Unadjusted and adjusted results for Hypothesis 2.3

H2.3: PD patients who are younger, are white, are LIS eligible, are early enrollees,
have neurologist visits, have no cognitive impairment, have no depression, have g lower
number of comorbidities, have a lower number of changes in APD use, have a lower
number of PD drugs and non-PD drugs, have a higher use of preventive services,|and
stay in LTC facilities are more likely to have higher adherence to APDs.

As with the duration analysis, adherence analysis was restricted to patient
had 2 fills of any APDs to measure MPR, defined as total days’ supply of APDs
divided by duration of APD therapy. We performed chi-square tests to compare
unadjusted differences in demographic and clinical characteristics &mumoggoups
patients with different levels of adherence: MRR7 (low adherence), MPR between
0.80-0.89 (moderate adherence), MPR between 0.90-0.99 (high adherence), and
MPR=1.00 (optimal adherence). Unadjusted results showed that the DOT groups differed
significantly on all of the factors studied, except for gender (Table 4.2.6). Cahtpare
patients with a low MPR, patients with a higher MPR (e.g., moderate/high/opivera)
significantly more likely to be older, be white, be LIS recipients, be eargllees, have
no neurologist visits, have depression, have cognitive conditions (Alzheinmsrasdi
dementia, or psychosis), have fewer comorbidities, have lower drug burden, and have no
change in PD therapy. Additionally, patients with higher adherence to APies we
significantly more likely to have LTC stay(s) and have no preventive sengm®e
compared to patients with low adherence to APDs.

In the multivariate analysis of factors associated with patients’ adieeterAPDs
(Table 4.2.7), we excluded residential status (due to its collinearity withstay} and
Part D drug observation period (due to its collinearity with death in 2007). We pedforme

three separate binary models regressing each of the three adrmregoups (moderate,
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high, and optimal MPR) against the reference group (low MPR). For each binagl; mod

a Modified-Poisson regression with robust standard errors was used tagémera

prevalence rate ratios (PRRs) of factors. After adjustment for coaaatesample

selection bias with Heckman correction approach in the regression modetsloivan§

variables were significantly associated with higher adherence ts ARible 4.2.7):

(1) Age: Compared to patients aged 64 years or younger, patients aged 65 years or older
were significantly less likely to have optimal adherence to APDs €PRIR, 95%
C1=0.78-0.93 for age 65-74; PRR=0.92, 95% CI=0.84-1.00 for age 75-84;
PRR=0.91, 95% CI=0.83-1.00 for age 85+). No association was observed with
moderate and high adherence to APDs.

(2) Race Compared to patients who were white, patients who were black were
significantly less likely to have higher adherence to APDs (moderatecadier
PRR=0.92, 95% CI1=0.88-0.97; high adherence: PRR=0.88, 95% CI=0.83-0.94;
optimal adherence: PRR=0.77, 95% CI1=0.70-0.86). A similar pattern was observed
among patients who were of other races/ethnicities (Hispanic/Asian)Othe

(3) Region Compared to patients who were residents of the Northeast region, patients
who were residents of the South region or West region were significantlikkdgs
to have high adherence , as well as optimal adherence to APDs, although they did
not differ with respect to the probability of having moderate adherence ts.ARD
association was observed for patients residing in the North Central region.

(4) LIS status: The LIS recipients, relative to non-LIS recipients, were significantly
more likely to optimal adherence to APDs (PRR=1.08, 95% CI=1.02-1.14), although

no association was observed with moderate and high adherence.
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(5) Early vs. late enrollment Early enrollees, relative to late enrollees, were
significantly more likely to have higher adherence to APDs (modedairence:
PRR=1.03, 95% CI=1.01-1.06; high adherence: PRR=1.03, 95% CI=1.00-1.17;
optimal adherence: PRR=1.07, 95% CI=1.02-1.12).

(6) Cognitive conditions Compared to parkinson’s patients who had none of the three
cognitive conditions (Alzheimer’s disease, dementia, and psychosis), patients w
had two or more of these conditions were significantly less likely to have high
adherence to APDs (PRR=0.95, 95% CI=0.91-0.98), although no association was
observed with moderate and optimal adherence. We did not observe an association
for patients who had one of the conditions.

(7) Comorbid conditions: Patients with the highest number of comorbidities (11-22 vs.
those with the lowest number, 1-6) were significantly less likely to have nedera
high, and optimal adherence to APDs. A significantly lower probability of high
adherence was observed among patients with 9-10 comorbidities (PRR=0.95, 95%
Cl1=0.90-0.99, vs. 1-6 comorbidities), although no association was observed with
moderate and optimal adherence. We did not observe an association for patients with
7-8 comorbidities.

(8) Changes in PD therapy Parkinson’s patients with 2-8 changes in their APD
therapy (vs. those with no change) were significantly less likely to gher
adherence to APDs (moderate adherence: PRR=0.96, 95% CI=0.92-0.99; high
adherence: PRR=0.88, 95% CI1=0.84-0.93; optimal adherence: PRR=0.78, 95%
Cl1=0.72-0.84). No association was observed for patients with one change in APD

therapy.
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(9) Length of LTC stay: Compared to parkinson’s patients without LTC stay during the
study period, patients with LTC stay(s) between 13-19 months were sagtijic
more likely to have higher adherence. As well, patients with LTC stay®betiv+
12 months were significantly more likely to have moderate adherence (PRR=1.04,
95% CI1=1.01-1.07), although no association was observed with high and optimal
adherence.
In summary, after adjustment for covariates and sample selection bias,estdnsist
with our Hypothesis 2.3, patients who were younged4 vs. 65 years or older), were
white (vs. Black or Other races/ethnicities), were LIS recipientn@s-LIS), were early
enrollees (vs. late enrollees), had no cognitive conditions (vs. 2-3 conditions), had fewer
comorbidities (1-6 vs. 9-10 or 11-22 comorbidities), had no change in PD therapy (vs. 2-
8 changes), and stayed in LTC facilities (vs. no LTC stay) were nketg to have
higher adherence to APDs. We observed no association between APD adherence and
three factors including whether patients had neurologist visits, drug burden, and

preventive services use, after adjusting for covariates.
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Table 4.2.6: Differences in demographic and cliniteracteristics across APD usensth different levels
of adherence to APDs from 6/1/2006 through 12/30726r date of death

Adherence to APDs (measured as MPR) (n=7,583)

Low Moderate High Optimal
(0.7 (0.80-0.89) (0.90-0.99) (1.00)
Characteristics n (%) n (%) n (%) n (%) P-value
APD users$ 2,179(100) 1,456 (100) 2,411 (100) 1,537 (100)
Age
64 139 (6.4) 89 (6.1) 144 (6.0) 116 (7.5)
65 —-74 673 (30.9) 426 (29.3) 630 (26.1) 3454p2.
75-84 979 (44.9) 653 (44.8) 1150 (47.7) 710 (46.2
85 + 388 (17.8) 288 (19.8) 487 (20.2) 366 (23.8) .06Q
Sex
Female 1279(58.7) 874 (60.0) 1425 (59.1) 965 (62.8)
Male 900(41.3) 582 (40.0) 986 (40.9) 572(37.2) 0.063
Race
White 1,868 (85.7) 1,316(90.4) 2187 (90.7) 14043p1
Black 156 (7.2) 65(4.5) 107 (4.4) 54 (3.5)
Hispanic 78 (3.6) 33 (2.3) 43 (1.8) 27(1.8)
Asian 43 (1.9) 13 (0.9) 43 (1.8) 28(1.8)
Othef 34 (1.6) 29 (2.0) 31(1.3) 24(1.6) <0.001
Region
Northeast 399 (18.3) 295 (20.3) 505 (20.9) 376 (24.5)
North Central 532 (24.4) 359 (24.7) 707 (29.3) 477 (31.0)
South 913 (41.9) 583 (40.0) 880 (36.5) 471 (30.6)
West 335 (15.4) 219 (15.0) 319(13.2) 213(13.9) <0.001
Low income subsidy
LIS 1017 (46.7) 720 (49.5) 1217 (50.5) 919 (59.8)
Non-LIS 1162 (53.3) 736 (50.5) 1194 (49.5) 6182340. <0.001
Early vs. late enrollees
Early enrollees 1394 (64.0) 1005 (69.0) 1669 (69.2) 1124 (73.1)
Late enrollees 785 (36.0) 451 (31.0) 742 (30.8) 413 (26.9) <0.001
Seen by neurologists
Yes 1631 (74.9) 1065 (73.1) 1612 (66.9) 972 (63.2)
No 548 (25.1) 391 (26.9) 799 (33.1) 565 (36.8) 80.0
Depression
Yes 825 (37.9) 597 (41.0) 875(36.3) 662 (43.1)
No 1354 (62.1) 859 (59.0) 1,536 (63.7) 875(56.9) <0.001
Cognitive conditions
Had Alzheimer’s disease 920 (42.2) 622 (42.7) 903 (37.5) 656 (42.7) <0.001
Had dementia 1034 (47.5) 718 (49.3) 1096 (45.5) 808 (52.6) <0.001
Had psychosis 565 (25.9) 395 (27.1) 561 (23.3) 427 (27.8) 0.006
# of cognitive conditions
0 850 (39.0) 531 (36.5) 972 (40.3) 512 (33.3)
1 465 (21.3) 347 (23.8) 608 (25.2) 390 (25.3)
2 538 (24.7) 346 (23.8) 541 (22.4) 404 (26.3)
3 326 (15.0) 232 (15.9) 290 (12.0)0 231(15.0) <0.001
Comorbid conditions
1-6 475 (21.8) 317 (21.8) 622 (25.8) 351 (22.8)
7-8 470 (21.6) 332 (22.8) 648 (26.9) 395 (25.7)
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9-10
11-22
Number of PD & non-PD
drugs
0-9
10-14
15-20
21-78
Changes in PD therapy
0
1
2-8
Residential status
Patients in communities

Patients in LTEthroughout

the entire study period

Patients with LT€ some

time during the study period
Length of LTC?® stay

0 month

1-12 months

13-19 months
Preventive services use

0

1

2-3
Death in 2007

Yes

No

Part D drug observation
period
2-12 months

13-18 months
19 months

494 (22.7)
740 (34.0)

525 (24.1)
574 (26.3)
546 (25.1)
534 (24.5)

1543 (70.8)
342 (15.7)
294 (13.5)

1307 (60.0)
181 (9.3)

691 (31.7)

1307 (60.0)
532 (24.4)
340 (15.6)

904 (41.5)
929 (42.6)
346 (15.9)

262 (12.0)
1917 (88.0)

142 (6.5)
587 (26.9)
1450(66.5)

358 (24.6)
449 (30.8)

329 (22.6)
359 (24.7)
387 (26.6)
381 (26.2)

1054 (72.4)
250 (17.2)
152 (10.4)

762 (52.3)
192 (13.2)

502 (34.5)

762 (52.3)
356 (24.5)
338 (23.2)

661 (45.4)
559 (38.4)
236 (16.2)

196 (13.5)
1260 (86.5)

86 (5.9)
429(29.5)
941 (64.6)

562 (23.3)
579 (24.0)

603(25.0)
655 (27.2)
604 (25.1)
549 (22.8)

1844 (76.5)
373 (15.5)
194 (8.0)

1299 (53.9)
382 (15.8)

730 (30.3)

1299 (53.9)
408 (16.9)
704 (29.2)

1150 (47.7)
907 (37.6)
354 (14.7)

284 (11.8)
2127 (88.2)

127 (5.3)
426 (17.7)
1858 (77.1)

372 (24.2)
419 (27.3)

354 (23.0)

460 (29.9)

367 (23.9)
356 (23.2)

1244 (80.9)
200 (13.0)
93 (6.1)

704 (45.8)
307 (20.0)

526 (34.2)

704 (45.8)
346 (22.5)
487 (31.7)

801 (52.1)
539 (35.1)
197 (12.8)

295 (19.2)
1242 (80.8)

166 (10.8)
320 (20.8)
1051 (68.4)

<0.001

0.03

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

TAPD users were defined as PD patients who had twoove APDs during the study period.

2Other included the Natives of North American ardividuals with other or unknown races and

ethnicities.
3 LTC=long-term care

* The statistical significance was set at P-val@e05.
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Table 4.2.7: Factors associated with adherencéPi@sfamong Medicare Part D enrollees with PD who
used 2 APDs from 6/1/2006 through 12/31/ 2007 or ddtdeath

Adherence to APDs (measured as MPR)

Moderate vs. low High vs. low Optimal vs. low
Factors (0.80-0.89 vs. 0.79) (0.90-0.99 vs. 0.79) (1.00 vs. 0.79)
PRR 95% CF PRR 95% CF PRR 95% CF

Age

65— 74 vs. 64 0.99 (0.94-1.04) 0.97 (0.91-1.04) 0.85 (0.78-0.93)*

75—-84 vs. 64 0.99 (0.95-1.05) 1.01 (0.95-1.08) 0.92 (0.84-1.00)*

85 +vs. 64 1.00 (0.94-1.06) 1.00 (0.94-1.07) 0.91 (0.83-1.00)*
Female vs. male 0.99 (0.97-1.02) 0.98 (0.95-1.01) 1.01 (0.96-1.05)
Race

Black vs. White 0.92 (0.88-0.97)**| 0.88 (0.83-0.94)** 0.77 (0.70:86)***

Othef vs. White 0.94 (0.89-0.99)* 0.93 (0.87-0.99)* 0.89 (0.81-0%98
Region

North Central vs. Northeast 0.98 (0.95-1.02) 1.01 (0.97-1.05) 0.99 (0.94-1.05)

South vs. Northeast 0.98 (0.95-1.01) 0.95 (0.92-0.99)* 0.86 (0.82-0"%1)

West vs. Northeast 0.99 (0.95-1.03) 0.95 (0.90-0.99)* 0.94 (0.87-1*00)
LIS vs. non-LIS recipients 0.99 (0.97-1.02) 0.99 (0.95-1.03) 1.08 (1.02-1.14)*
Early vs. late enrollees 1.03 (1.01-1.06)** 1.03 (1.00-1.07)* 1.07 (1.022)1
Seen by neurologists 1.02  (0.99-1.05) 0.99 (0.96-1.02) 0.98 (0.93-1.03)
(yes/no)
Had depression(yes/no) 1.01 (0.98-1.03) 0.97 (0.94-1.00) 1.04 (0.99-1.08)
Cognitive conditions

1lvs.0 1.02 (0.99-1.05) 1.02 (0.98-1.06) 1.06 (0.99-1.12)

2-3vs. 0 0.99 (0.96-1.02) 0.95 (0.91-0.98)**f 0.93 (0.934)0
Comorbid conditions

7-8 vs. 1-6 0.99 (0.96-1.03) 1.00 (0.96-1.04) 1.00 (0.94-1.06)

9-10 vs. 1-6 0.99 (0.95-1.02) 0.95 (0.90-0.99)* 0.96 (0.89-1.02)

11-22 vs. 1-6 0.95 (0.91-0.99)** 0.88 (0.85-0.92)**4  0.87  (0.8193)***
# of PD & non-PD drugs

8-12 vs. 0-7 1.01 (0.97-1.04) 1.02 (0.98-1.06) 1.04 (0.98-1.11)

13-18 vs. 0-7 1.03 (0.99-1.07) 1.03 (0.99-1.08) 1.00 (0.94-1.07)

19-76 vs. 0-7 1.03 (0.99-1.08) 1.05 (0.99-1.10) 1.01 (0.94-1.09)
Changes in PD therapy

1vs.0 1.02 (0.98-1.05) 1.00 (0.96-1.04) 0.95 (0.89-1.01)

2-8vs. 0 0.96 (0.92-0.99)* 0.88 (0.84-0.93)** 0.78 (0.728@)***
LTC stay

1-12 months vs. 0 month  1.04 (1.01-1.07)** 0.99 (0.94-1.03) 1.03 (0.97-2.10

13-19 months vs. 0 month  1.10  (1.06-1.15)**| 1.21  (1.15-1.26)** 1.23 (1.1632)***
Preventive services use

1vs.0 0.99 (0.97-1.02) 1.01 (0.97-1.04) 1.02  (0.96-1.07)
2-3vs. 0 1.02  (0.98-1.06) 1.03 (0.98-1.08) 1.04 (0.96-1.12)

Death in 2007(yes/no) 1.01 (0.98-1.05) 1.02  (0.97-1.07) 1.17  (1.10-1.22)*

Inverse Mills’ Ratio 1.06  (0.94-1.19) 1.05 (0.91-1.21) 1.04 (0.85-1.28)

TAPD users were defined as PD patients who had twoooe APDs during the study period.
2PRR=prevalence rate ratio, calculated as a ratibeoprevalence of outcome in the study group ¢o th
prevalence of outcome in the reference grdGp=confidence interval; * P < 0.05; **P < 0.01;**R

0.001

* Other included Hispanics, Asians, the Natives ofehicans, and other or unknown races and ethrscitie
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4.3.5.Results for sensitivity/robustness analysis of sample selection

A sensitivity analysis was conducted to assess the robustness of our atitdyrres
Aim 2 by excluding potentially false Parkinson’s cases—those who had a laktory
Alzheimer’s disease and/or dementia. Those false PD patients mighttugtaAPD use,
and thus might have a lower use, shorter duration, and lower adherence to APDs,
compared to true PD cases. Essentially, this sensitivity analysiscaanswer a question
that “Will study results derived from the subset (without disease histangime
consistent to that from the overall sample (with and without disease histéiy)?”
mentioned previously in the Methods section, to perform this sensitivity analgsis
replicated the multivariate analyses (i.e., the Modified Poisson regreasiiombust
standard errors using sandwich estimation) presented earlier foatstj factors
associated with three APD use measures (any use, duration, and adherence)lamong P
patients without a history of Alzheimer’s disease and/or dementia. Thesrekthiese
multivariate analyses were presented as prevalence rate ratio9,(RRiRB indicates
the strength of association between factors and APD use outcomes. The ratétivari
results derived from the subset (without disease history) were then egamuohetermine
if they were consistent to those reported in the overall PD patients (with ddiinstich
a history).

Results of sensitivity analyses of factors associated with APDmsegathe
subset without the disease history (n=4,339) are presented in Table 4.2.8. In this table,
we also list the results of the overall PD population (n=8,758) that we reportied fear
comparison purpose. As indicated, most factors significantly associated vidtlugePin

the overall population remain statistically significant in the subset, with woly t
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exceptions: region of residency and cognitive conditions (e.g., diagnosis of psychos
dementia, or Alzheimer’s disease during the 19-month study period). The change in
significance level is in part due to the smaller sample size of the subsetparison to
the overall PD population.

When examining factors associated with the other two APD use measurdasnadurat
and adherence, we limited the analyses to PD patients \iffills of any APDs (two
data points are required to measure duration and adherence) in the subset sample without
a history of Alzheimer’s disease and/or dementia (n=3,910). For duration of APD
therapy, the subset results (shown in Table 4.2.9) were generally consistenfrtmtha
the overall sample (shown in Table 4.2.5), with only two exceptions: drug burden (i.e.,
number of PD and non-PD drugs) and preventive services use. Similarly, factors
independently significantly associated with adherence to APDs remain undhange
between the subset (Table 4.2.10) and overall sample (shown in Table 4.2.7), except for
four subcategories: age 75-84 and 85 years or older, other races/ethnicitie§ and LI
status. The non-significance is mainly due to the smaller sample size abt®st &

comparison to the overall PD population.
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Table 4.2.8: Multivariate results of factors asatail with APD use among a subset of PD patientsowit
a history of Alzheimer's disease and/or dementi& (389) and among the overall PD patients (n=8,758)

Subset of patients without a Overall patients with/without a
history of Alzheimer’s and/or history of Alzheimer’s and/or
Factors dementia (n=4,339) dementia (n=8,758)
Use of APDs (use vs. no use) Use of APDs (usawsise)
Adjusted PRR  95% CF Adjusted PRR  95% CF
Age
65—74vs. 64 1.01 (0.98-1.05) 1.02 (0.98-1.05)
75—-84vs. 64 1.02 (0.99-1.06) 1.03 (0.99-1.06)
85 +vs. 64 1.01 (0.96-1.05) 1.01 (0.97-1.05)
Female vs. male 1.02 (1.00-1.04) 1.00 (0.99-1.02)
Race
Black vs. White 0.97 (0.92-1.03) 0.96 (0.92-1.00)
Other vs. White 0.98 (0.94-1.03) 0.98 (0.95-1.02)
Region
North Central vs. Northeast 1.02 (0.99-1.04) 1.04 1.01-1.06)**
South vs. Northeast 1.02 (0.99-1.04) 1.04 (.00
West vs. Northeast 1.00 (0.97-1.03) 1.04 (1.02)1+07
LIS vs. non-LIS recipients 0.98 (0.96-1.00)* 0.98 0.96-1.00)*
Early vs. late enrollees 1.03 (1.01-1.05)*t 1.02 .01.04)**
Seen by neurologists (yes/no) 1.15 (1.11-1.19)t* A9 (1.16-1.22)***
Had depression (yes/no) 0.99 (0.97-1.01) 1.00 8(0.92)
Cognitive conditions
lvs.0 0.98 (0.96-1.01) 0.97 (0.95-0.99)**
2-3vs. 0 1.00 (0.98-1.03) 0.96 (0.94-0.98)***
Comorbid conditions
7-8 vs. 1-6 0.97 (0.95-1.00) 0.98 (0.96-1.00)
9-10 vs. 1-6 0.98 (0.95-1.00) 0.98 (0.96-1.01)
11-22 vs. 1-6 0.96 (0.93-0.99)**r 0.97 (0.94-1.00)
# of non-PD drugs
8-12 vs.0-7 1.02 (1.00-1.05)* 1.05 (1.02-1.07)**
13-18 vs. 0-7 1.04 (1.01-1.07)**r 1.05 (1.02-1.08)
19-76 vs. 0-7 1.04 (1.01-1.08)**t 1.07 (1.04-1.%0)
LTC stay
1-12 months vs. 0 month 1.03 (1.00-1.05)* 1.03 0141.05)**
13-19 months vs. 0 month 0.98 (0.94-1.03) 1.01 984..04)
Preventive services use
lvs.0 1.01 (0.99-1.03) 1.00 (0.99-1.02)
2-3vs. 0 1.00 (0.97-1.03) 1.02 (1.00-1.04)
Death in 2007 (yes/no) 0.98 (0.94-1.02) 0.98 (9B

PRR=prevalence rate ratitCI=confidence interval.

®0Other include Hispanics, Asians, the Natives oftNémericans, and other/unknown races and
ethnicities.

* P < 0.05; **P < 0.01;***P < 0.001
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Table 4.2.9: Multivariate results of factors asatail with duration of APD theragmong a subset of
APD users without a history of Alzheimer's disease and/or deentia (n=3,910)

Duration of APD therapy (days)

Medium vs. short Long vs. short Maximum vs. short
Factors (401-539 vs. 400) (540-578 vs. 400) (579 vs. 400)
PRR 95% CF PRR 95% CF PRR 95% CF

Age

65— 74 vs. 64 0.95 (0.89-1.02) 0.94 (0.88-1.01) 0.97 (0.92-1.03)

75-84 vs. 64 0.98 (0.92-1.05) 1.00 (0.93-1.07) 0.99 (0.93-1.05)

85 +vs. 64 0.97 (0.90-1.04) 0.99 (0.91-1.07) 0.99 (0.91-1.06)
Female vs. male 1.04 (1.01-1.08)* 1.06 (1.02-1.10)**t 1.04 (1.0008)*
Race

Black vs. White 0.99 (0.92-1.07) 0.97 (0.89-1.06) 0.93 (0.83-1.04)

Othef vs. White 0.96 (0.88-1.03) 0.99 (0.91-1.07) 0.98 (0.91-1.05)
Region

North Central vs. Northeast 1.01  (0.97-1.06) 1.01 (0.96-1.06) 1.01 (0.96-1.06)

South vs. Northeast 1.01 (0.97-1.06) 1.03 (0.98-1.08) 1.00 (0.95-1.05)

West vs. Northeast 1.01 (0.96-1.07) 1.01 (0.96-1.08) 0.97 (0.91-1.02)
LIS vs. non-LIS recipients 0.98 (0.94-1.02) 0.95 (0.91-0.99)* 1.01 (0.97-1.06)
Early vs. late enrollees 0.99 (0.96-1.03) 1.06 (1.03-1.10)»*r 1.12 (1.07-0)%*
Seen by neurologist§yes/no) 1.00 (0.96-1.05) 1.03 (0.98-1.08) 1.00 (0.95-1.05)
Had depression(yes/no) 0.98 (0.95-1.02) 0.99 (0.95-1.03) 0.95 (0.91-1.00)*
Cognitive conditions

lvs.0 0.97 (0.93-1.00) 0.92 (0.88-0.96)**f 0.88 (0.84-B)9*

2-3vs. 0 0.98 (0.94-1.02) 091 (0.86-0.96)**f 0.82 (0.7598*
Comorbid conditions

7-8 vs. 1-6 0.99 (0.94-1.04) 0.98 (0.93-1.03) 0.99 (0.95-1.02)

9-10 vs. 1-6 0.94 (0.89-1.00)* 0.96 (0.91-1.02) 0.88 (0.82-0*%3)

11-22 vs. 1-6 0.94 (0.89-1.00)* 0.90 (0.84-0.96)**1 0.72 (0.66¢8)***
# of PD & non-PD drugs

8-12 vs. 0-7 1.00 (0.95-1.05) 1.00 (0.95-1.04) 0.99 (0.95-1.03)

13-18 vs. 0-7 1.02 (0.97-1.08) 1.04 (0.98-1.09) 1.03 (0.98-1.09)

19-76 vs. 0-7 0.99 (0.94-1.05) 0.99 (0.93-1.06) 0.95 (0.88-1.03)
Changes in PD therapy

1lvs.0 1.10 (1.06-1.14)***| 1.11 (1.06-1.16)** 1.12 (1.07-A6)***

2-8vs. 0 1.11  (1.06-1.16)***| 1.09 (1.04-1.15)** 1.07 (1.0L413)*
LTC stay

1-12 months vs. 0 month 1.08 (1.04-1.13)** 0.91 (0.87-0.96)**4 0.66 (0.607@)***

13-19 months vs. 0 month ~ 1.15  (1.09-1.22)**| 1.02 (0.94-1.10) 1.03 (0.95-1)1
Preventive services use

lvs.0 1.02 (0.99-1.06) 1.03 (0.99-1.07) 1.02 (0.97-1.06)

2-3vs. 0 1.00 (0.95-1.05) 1.02 (0.97-1.07) 1.04 (0.99-1.10)
Death in 2007(yes/no) 0.79 (0.75-0.82)***| 0.51 (0.47-0.55)*** 0.45 (0.4249)***
Inverse Mills’ Ratio 0.94 (0.81-1.10) 0.88 (0.75-1.03) 1.03 (0.89-1.18)

TAPD users were defined as PD patients who had twoove APDs during the study period.
2PRR=prevalence rate ratio, calculated as a ratibeprevalence of outcome in the study group¢o th
prevalence of outcome in the reference gréGp=confidence interval; * P < 0.05; *P < 0.01;**R

0.001

* Other included Hispanics, Asians, the Natives ofehicans, and other or unknown races and ethrscitie
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Table 4.2.10: Multivariate results of factors asatex] with adherence to APDs amamgubset of APD
users: without a history of Alzheimer's disease and/or damentia (n=3,910)

Adherence to APDs (measured as MPR)

Moderate vs. low High vs. low Optimal vs. low
Factors (0.80-0.89 vs. 0.79) (0.90-0.99 vs. 0.79) (1.00 vs. 0.79)
PRR 95% CF PRR 95% CF PRR 95% CF

Age

65— 74 vs. 64 1.00 (0.94-1.07) 0.98 (0.91-1.06) 0.88 (0.79-0.%89)*

75—-84 vs. 64 1.00 (0.94-1.06) 1.01 (0.93-1.09) 0.95 (0.85-1.07)

85 +vs. 64 1.01 (0.93-1.08) 1.01 (0.92-1.10) 0.96 (0.84-1.10)
Female vs. male 0.96 (0.93-1.00) 0.96 (0.92-1.00) 0.96 (0.90-1.03)
Race

Black vs. White 0.96 (0.89-1.03) 0.85 (0.77-0.95)**F 0.71 (0.60-0)B*

Othef vs. White 0.95 (0.88-1.02) 0.94 (0.86-1.04) 0.94 (0.82-1.08)
Region

North Central vs. Northeast 0.98 (0.94-1.03) 1.02 (0.96-1.08) 1.02 (0.93-1.11)

South vs. Northeast 0.97 (0.93-1.02) 0.93 (0.88-0.99)* 0.90 (0.82-0%98)

West vs. Northeast 1.00 (0.94-1.05) 0.92 (0.86-0.99)* 0.95 (0.86-1.06)
LIS vs. non-LIS recipients 0.99 (0.95-1.03) 1.01 (0.96-1.07) 1.07 (0.98-1.15)
Early vs. late enrollees 1.04 (1.00-1.07)* 1.04 (0.98-1.09) 1.00 (1.00-1*15)
Seen by neurologistgyes/no) 1.04 (0.99-1.08) 1.03 (0.98-1.09) 0.90 (0.90-1.05)
Had depression(yes/ no) 1.00 (0.96-1.04) 0.97 (0.92-1.02) 1.02 (0.95-1.10)
Cognitive conditions

lvs.0 1.04 (1.00-1.08) 1.03 (0.98-1.08) 1.07 (0.99-1.15)

2-3vs. 0 0.97 (0.92-1.01) 0.93 (0.87-1.00)* 0.97 (0.88-1.07)
Comorbid conditions

7-8 vs. 1-6 0.97 (0.93-1.02) 1.00 (0.95-1.06) 0.99 (0.91-1.08)

9-10 vs. 1-6 0.97 (0.92-1.02) 0.99 (0.93-1.06) 0.97 (0.88-1.07)

11-22 vs. 1-6 0.94 (0.89-1.00)* 091 (0.84-0.98)*f 0.90 (0.8M91)
# of PD & non-PD drugs

8-12 vs. 0-7 1.03 (0.99-1.08) 1.01 (0.96-1.07) 1.02 (0.94-1.11)

13-18 vs. 0-7 1.05 (1.00-1.11) 1.02 (0.96-1.08) 0.99 (0.90-1.09)

19-76 vs. 0-7 1.05 (0.99-1.11) 1.02 (0.95-1.10) 0.95 (0.85-1.06)
Changes in PD therapy

1lvs.0 1.01 (0.97-1.05) 0.99 (0.94-1.04) 0.96 (0.88-1.04)

2-8vs. 0 0.98 (0.94-1.02) 0.87 (0.82-0.93)**f 0.80 (0.72-8)8*
LIC stay

1-12 months vs. 0 month 1.04 (0.99-1.08) 0.99 (0.93-1.05) 1.03 (0.94-1.13)

13-19 months vs. 0 month 1,12 (1.04-1.20)**| 1.27 (1.18-1.36)*** 1.40 (1.2656)***
Preventive services use

lvs.0 0.98 (0.94-1.02) 1.00 (0.96-1.05) 1.01 (0.94-1.09)

2-3vs. 0 1.02 (0.97-1.07) 1.06 (1.00-1.03) 1.09 (0.99-1.21)
Death in 2007(yes/no) 1.04 (0.98-1.11) 1.08 (0.99-1.16) 1.29 (1.16-1.48)*
Inverse Mills’ Ratio 1.04 (0.90-1.21) 1.14 (0.95-1.37) 1.09 (0.82-1.44)

TAPD users were defined as PD patients who had twoove APDs during the study period.
2PRR=prevalence rate ratio, calculated as a ratibeprevalence of outcome in the study group¢o th
prevalence of outcome in the reference gréGp=confidence interval; * P < 0.05; *P < 0.01;**R

0.001

* Other included Hispanics, Asians, the Natives ofehicans, and other or unknown races and ethrscitie
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4.3.6.Summary of Aim 2

We summarized the results of regression analyses of factors as3ogidt the three

APD use measures (any use, duration, and adherence) as follows:

(1) Use of APDs (vs. no use) was significantly associated with non-LIS dligilaarly
enrollees, having neurologist visit(s), having no cognitive impairment, having 6 or
fewer comorbid conditions, having 8 or more numbers of non-PD drugs, and having
LTC stay(s) between 1-12 months.

(2) Longer duration of APD therapy (vs. low duration, i.e400 days ) was significantly
associated with female, non-LIS eligibility, early enrollees, havio depression,
having no cognitive impairment, having 6 or fewer comorbidities, having 13-18
medications (including PD and non-PD drugs), having change(s) in APD therapy
having LTC stay(s) between 13-19 months, and using preventive services.

(3) Higher adherence to APDs (vs. low adherence, i.e., MBR) was significantly
associated with younger age@4 years), white ethnicity, LIS eligibility, early
enrollees, having no cognitive disorder, having 6 or fewer comorbidities, having no
change in APD therapy, and having LTC stay(s).

Additionally, our sensitivity analyses showed consistent results betweenbthet s

(without a history of Alzheimer’s disease and/or dementia) and the oR&aample

(with and without such a history). This finding suggests that including PD satuhta

history of Alzheimer’s disease and/or dementia in our study sample wadytdikdéfect

our results regarding the predictive factors of APD use and adherence.
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4.4.Aim 3

Aim 3: To investigate association of APD use and adherence with healthcare utiliz
and expenditures among Medicare PDP enrollees with PD, after adjusting for pati

demographics (age, gender, race/ethnicity, and residency), whether seen by neuy
LIS status, early enrollment, medical conditions (comorbidities, cognitive function,

depression), medication-related factors (drug burden and changes in APD therapy
stay, preventive services use, and healthcare utilization at baseline (1/1/2006-5/31

ation
ents’
blogists
and

), LTC

/2006)

4.4.1. Healthcare utilization and expenditures, overall and by three APD use
measures

(1) Overall PD sample

Overall, during the 19-month study period (6/1/2006-12/31/2007), over half

of the

cohort (8,758 PD patients) had been hospitalized (51.1%), and 62.5% had ER visits for

any cause (Table 4.3.1). Over one in four PD patients experienced Part REBRK)(

and HHA episodes (29.2%); nine out of ten PD patients (91.1%) visited physicians at

their offices for any cause. In this 8,758 PD population, a relatively small paypbetd

hospitalizations (8.2%), ER visits (6.5%), Part A SNF episodes (9.1%), and HHA

episodes (14.1%) with either a primary or a secondary diagnosis of PD. In addition,

69.2% had physician visits for PD. Similarly, a small proportion of our PD patients

had

hospitalizations (8.7%), ER visits (15.4 %), Part A SNF episodes (6.3%), HHA episode

(5.6%), and physician visits (51.8%) with either a primary or a secondary diaghosis

comorbidities commonly seen in PD patients.

Table 4.3.1: Overall healthcare utilization for @luses, PD only, and PD-related comorbidities @mon
Medicare PD patients enrolled in PDPs from 6/1/2006ughout 12/31/ 2007 or date of death

Healthcare services (n=8,758)

Hospitalization ER visit SNF episode  HHA episode Physician visit

Disease groups n (%) n (%) n (%) n (%) n (%)

All causes 4,472 (51.1) 5,479 (62.5 2,469 (28.2) 2,655 (29.2) 7,979 (91.1)
PD only 722 (8.2) 570 (6.5) 796 (9.1) 1,234 (14.1) 6063 (69.2)
PD-related

comorbidities 763 (8.7) 1,346 (15.4) 555 (6.3) 493 (5.6) 4537 (51.8)

n=number of patients; percentages (%) were caktllamong the overall 8,758 PD patients.
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In terms of healthcare expenditures, the cohort of 8,758 PD patients incurred a
mean cost of $40,268 (median=$27,643) for total Medicare services over the 19-month
study period (Table 4.3.2). Specifically, this population had a mean cost of $19,463 for
Part A services (median=$5,410), $11,266 for Part B services (median=$7,675), and

$9,538 for Part D services (median=$7,693).

Table 4.3.2:0verall healthcare expenditures amoaditare PD patients enrolled in PDPs in the study
period

Healthcare expenditures (n=8,758)

Total Part A Part B Part D
mean  (SD; median) mean (SD; median) mean (SD; median) mean (SD; median)
$40,268 (39,539; 27,643 $19,46% (30,712; 5,410, $11,266 (13,063; 7,675) $9,538 (10,026; 7,693)

SD: Standard deviation

(2) By use of APDs

Healthcare utilization rates (calculated as episodes/visits per 100tpeg#es) for
five services (hospital, ER, Part A SNF, HHA, and physician care) eoenpared
between patients with and without APDs (Table 4.3.3). In this table, we reported
utilization rate because this measure is of interest to this study and used in the
multivariate analysis. We also presented the number and proportion of patiegts us
each of the five services among users and non-users in Appendix D (Table D.1).

Overall, compared to non-APD users, APD users had a significantly higher atede r
of all-cause physician visits (1326.5 vs. 960.1 visits per 100 patient-years), but no
difference was observed in the rates of utilization for other four serffiospital, ER,
Part A SNF and HHA care). In terms of PD-only utilization, APD users (VSARIN
users) had a higher utilization rate for each of the five services. Wjtbatet® PD-

related-comorbidities utilization, APD users (vs. non-APD users) had a higherf ra

physician visits (130.9 vs. 108.9 per 100 patient-years), but a lower rate of HHA episodes

(6.5 vs. 10.1 per 100 patient-years). Yet, we did not observe differences in the rates of
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hospitalizations, ER visits, and Part A SNF episodes due to PD-related cotrembidi
Four categories of healthcare expenditures (total, Part A, Part B, dridl) sere
compared between APD and non-APD users (Table 4.3.4). Total, Part A, and Part B
expenditures did not statistically differ. However, on average, APD users had

significantly higher Part D expenditures than non-APD users.

Table 4.3.3: Crude rate of healthcare utilizatignA®D use among 8,758 Medicare PD patients
Health services (n=8,758 patients)
Hospitalization ER visit SNF episode HHA episode physician visit

APD use Raté Raté Raté Raté Raté
All-cause
Yes (n=7,706) 76.1 115.3 72.7 51.1 1326.5
No (n=1,052) 72.4 108.9 78.9 48.1 960.1
P=0.691 P=0.490 P=0.226 P=0.508 P <0.001
PD-only
Yes (n=7,706) 7.4 5.7 18.6 18.3 268.8
No (n=1,052) 1.8 2.0 13.1 11.4 101.0
P <0.001 P <0.001 P <0.037 P < 0.001 P <0.001
PD-related-comorbidities
Yes (n=7,706) 7.5 13.9 12.0 6.5 130.9
No (n=1,052) 7.5 12.3 14.1 10.1 108.9
P=0.766 P=0.271 P=0.500 P =0.042 P =0.024

'Rate = visits/episodes per 100 patient-years; B-tgere performed with significance set at P < 0.05

Table 4.3.4: Crude healthcare expenditures by ABDamong 8,758 PD Medicare patients
Healthcare expenditures (n=8,758 patients)
Total Part A Part B Part D
APD use Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Yes (n=7,706) 40,507 (38,930) 19,293 (30,063) 11,287 (12,613) 9,928 (10,360)
No (n=1,052) 38,513(43,723) 20,711 (35,090) 11,116 (15,985) 6,686 (6,445)
P=0.125 P=0.160 P=0.691 P< 0.001

SD: Standard deviation; T-tests were performed wsiignificance set at P<0.05.

(3) By duration of APD therapy

Rates of healthcare utilization for five services were compared acrosgdoyns
with different duration of therapy (DOT) for APDs (Table 4.3.5).The number and
proportion of patients using each of the five services among four DOT subgroups were
reported in Appendix D (Table D.2). Differences in utilization rates acr@sk gdoups

were tested with ANOVA. All-cause utilization rates for four servitespital, ER, Part
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A SNF, and HHA care) significantly decreased as duration of APD tharemased.
However, the association with all-cause physician visits was in the oppositeat

(i.e., rate of physician visits significantly increased with incréd®®T). Similar patterns
were observed for both PD-only and PD-related-comorbidities utilizatioomet Four
categories of healthcare expenditures were examined across the fogr@s$ using
ANOVA (Table 4.3.6). Significantly lower total, Part A, and Part B expenditusze w
observed for patients with longer duration of APD therapy; however, higher Part D

expenditures were shown in the longer DOT groups.

Table 4.3.5: Crude rate of healthcare utilizatigrdaration of therapy among 7,583 PD patients usihg
APDs

Health services (n=7,583 patients)

Duration of Hospitalization ERvisit ~ SNF episode HHA episode  Physician visit
therapy Raté Raté Raté Raté Raté
All-cause
Short (n=1,553) 1.47 1.87 1.60 0.67 11.85
Medium (n=1,908) 1.16 1.55 1.44 0.67 12.92
Long (n=2,082) 0.67 1.10 0.22 0.55 14.83
Maximum (n=2,040) 0.04 0.39 0.02 0.22 12.24
P <0.001 P <0.001 P <0.001 P <0.001 P <0.001
PD-only
Short (n=1,553) 0.08 0.07 0.42 0.22 2.04
Medium (n=1,908) 0.11 0.07 0.38 0.23 2.50
Long (n=2,082) 0.09 0.06 0.05 0.21 3.04
Maximum (n=2,040) 0.01 0.03 0.01 0.10 2.87
P <0.001 P <0.001 P <0.001 P <0.001 P <0.001
PD-related-comorbidities
Short (n=1,553) 0.14 0.22 0.26 0.09 1.27
Medium (n=1,908) 0.12 0.19 0.25 0.09 1.44
Long (n=2,082) 0.06 0.12 0.03 0.06 1.37
Maximum (n=2,040) 0.01 0.05 0.01 0.03 1.08
P <0.001 P <0.001 P <0.001 P <0.001 P <0.001

Short 400 days; Medium 401 — 539 days; Long DOT=540 -&&%&; Maximum DOT=579 days
'Rate = visits/episodes per 100 patient-years; ANQ&&s were performed with significance set at P <
0.05.
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Table 4.3.6: Crude healthcare expenditures by wuraf therapy among 7,583 PD patients usiry
APDs

Healthcare expenditures (n=7,583)

Duration of therapy

(days) Total Part A Part B Part D
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Short (n=1,553) 56,120 (53,312) 35,270 (42,063) 13,469 (16,635) 7,381 (9,620)
Medium (n=1,908) 56,764 (42,284) 32,900 (32,290) 13,656 (12,619) 10,208 (11,138)
Long (n=2,082) 34,119 (23,867) 11,997 (14,887) 11,363 (11,922) 10,759 (8,035)
Maximum (n=2,040) 19,802 (16,983) 1,563 (7,413) 7,246 (7,922) 10,992 (11,961)
P< 0.001 P<0.001 P< 0.001 P<0.001

Short DOT 400 days; Medium DOT=401 —-539 days; Long =540 -&&&; Maximum =579 days
SD: Standard deviation; ANOVA test were performethwignificance set at P<0.05.

(4) By adherence to APDs

Healthcare utilization were examined across four groups with varying adeee
APDs (measured as MPR) using ANOVA (Table 4.3.7). The number and proportion of
patients using each of the five services among four MPR subgroups were reported in
Appendix D (Table D.3). All-cause utilization rates for all serviggsiicantly differed
across MPR groups. For each service, utilization rate was lower in the Kigie
groups (i.e., 0.90-0.99 and 1.00), compared to the lower MPR groups@i#,and
0.80-0.89). Similar pattern was observed for PD-only and PD-related comorbidities
utilization outcomes. The comparisons of healthcare expenditures between four MPR
groups showed that total, Part A, Part B expenditures were significantdy for
patients with higher APD adherence than patients with lower APD adhdfeatue
4.3.8). However, the higher MPR groups had significantly higher Part D expenditures

than did the lower MPR groups.
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Table 4.3.7: Crude rate of healthcare utilizatigratherence among 7,583 PD patients usi@gAPDs
Health services (n=7,583)
Hospitalization  ERvisit ~ SNF episode HHA episode Physician visit

Adherence (MPR) Raté Raté Raté Ratée Raté
All-cause
Low (n=2,179) 0.96 1.38 0.92 0.66 15.07
Moderate (n=1,456) 0.89 1.24 0.91 0.54 13.50
High (n=2,411) 0.61 0.97 0.55 0.43 12.22
Optimal (n=1,537) 0.75 1.18 0.69 0.42 11.01
P <0.001 P <0.001 P <0.001 P <0.001 P <0.001
PD-only
Low (n=2,179) 0.09 0.08 0.22 0.22 2.98
Moderate (n=1,456) 0.09 0.05 0.25 0.21 2.89
High (n=2,411) 0.06 0.05 0.17 0.16 2.50
Optimal (n=1,537) 0.06 0.05 0.17 0.16 2.21
P <0.001 P <0.001 P <0.001 P <0.001 P <0.001
PD-related-comorbidities
Low (n=2,179) 0.09 0.18 0.15 0.09 1.55
Moderate (n=1,456) 0.09 0.14 0.14 0.07 1.27
High (n=2,411) 0.05 0.11 0.09 0.06 1.16
Optimal (n=1,537) 0.08 0.14 0.13 0.05 1.13
P <0.001 P <0.001 P <0.001 P <0.001 P <0.001

Low MPR 0.79; Moderate MPR=0.80-0.89; High MPR=0.90 —0©®ptimal MPR=1.0
'Rate = visits/episodes per 100 patient-years; ANG¥&he performed with significance set at P < 0.05.

Table 4.3.8: Crude healthcare expenditures by adiceramong 7,583 PD patients usingj APDs

Healthcare expenditures (n=7,583)

Adherence to APDs

(MPR) Total Part A Part B Part D
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Low (n=2,179) 45,867 (44,582) 24,727 (34,910) 12,889 (14,842) 8,251 (6,937)
Moderate (n=1,456) 43,417 (38,643) 21,603 (30,392) 11,838 (12,226) 9,976 (7,966)
High (n=2,411) 35,043 (32,596) 13,883 (23,957) 10,143 (11,242) 11,017 (10,755)
Optimal (n=1,537) 38,545 (38,030) 17,507 (28,869) 10,175 (11,277) 10,863 (14,747)
P< 0.001 P<0.001 P< 0.001 P<0.001

Low MPR 0.79; Moderate MPR=0.80-0.89; High MPR=0.90 —00©ptimal MPR=1.0
SD: Standard deviation; T-tests were performed wsiignificance set at P<0.05.
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4.4.2. Adjusted results for Hypotheses 3.1.1 and 3.1.2

H3.1.1: Compared to no use by patients with PD diagnosis, use of APDs is associated
with lower hospitalizations, emergency room (ER) visits, skilled nursingyfd&NF)
episodes, and home health agency (HHA) visits, but higher office-based physician visits
after controlling for other covariates and sample selection bias.

H3.1.2: Compared to no use by PD patients with an indication for APDs, use of APDs is
associated with lower total expenditures, Part A expenditures, and Part B expendifures,
but higher Part D expenditures, after controlling for other covariates and sample
selection bias

We assessed the associations of APD use with healthcare atilidaypothesis
3.1.1) and expenditures (hypothesis 3.1.2) using negative binomial and gamma GLMs,
respectively among the cohort of 8,758 PD patients, adjusting for the covariates and
sample selection bias using the Heckman correction approach (detailed inrGhapte
Methods). We detail the adjusted estimates of APD use for diseasaespicifation
(all causes, PD-only, and PD-related comorbidities) followed by expeadititcomes
(total, Part A, Part B and Part D) as follows. We also attached result$ robfilgls that
included both APD use and all the control covariates for all-cause hospitalizatidns

total expenditures in Appendix E.

4.4.2.a.Association of APD use with all-cause healthcare utilization (Table 4.3.9)

(1) HospitalizationsOverall, the use of APDs (vs. non-use) was not significantly

associated with all-cause hospitalizations. However, a significant assoavas

observed when APD use was analyzed as a categorical variable based on thhie numbe
of 30-day standardized APD prescriptions. Rate of all-cause hospitalizaBsns w
significantly higher among users with 12 or fewer 30-day standardized APD

prescriptions [rate ratio (RR) =1.14], but significantly lower among usenhsi®ior
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more 30-day standardized APD prescriptions (RR=0.90 for 19-28 prescriptions;
RR=0.89 for 29 prescriptions), as compared with non-APD users (0 prescriptions).
This finding indicated that all-cause hospitalizations varied based on levelDof A
use.

(2) ER visits No association was observed between all-cause ER visits and APD use
analyzed as a dichotomous variable. However, analysis of APD use asaicakeg
variable indicated that rate of all-cause ER visits was significanthehigmong
users with 12 or fewer 30-day standardized APD prescriptions, as compared to non
users.

(3) Part A SNF episode#&\PD use, measured as a dichotomous variable, was

significantly associated with an increased rate of all-causeAF3IF episodes. The
rate for APD users was 20% higher than that for non-APD users (RR=1.20, 95%
CI=1.07-1.35). Analysis of APD use as a categorical variable further tadidaat
rate of Part A SNF episodes was significantly higher among users with 1-18, but
significantly lower among users with 19 or more 30-day standardized APD
prescriptions , compared to non-APD users (0 prescriptions). This finding indicated
that all-cause Part A SNF episodes varied based on levels of APD use.

(4) HHA episodesNo association of APD use (dichotomous or categorical variables)
was observed with all-cause HHA episodes.

(5) Physician visitsAPD use (dichotomous and categorical variables) was significantly

associated with a reduced rate of all-cause physician visits. The raieDonsers
was 7% lower than that for non-APD users (RR=0.93, 95% CI=0.88-0.98). The

categorical measure of APD use showed that rate of physician visits tended to be
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lower among all APD users, with a significantly lower rate observed ameng us
with 18 or fewer 30-day standardized APD prescriptions (RR=0.91 for 1-12

prescriptions; RR=0.94 for 13-18 prescriptions), as compared to non-APD users.

4.4.2.b.Association of APD use with PD-only healthcare utilization (Table 4.3.9)

The multivariate results showed that APD use (dichotomous and categorical
variables) was significantly associated with each of the five PD-oniyatiiin
outcomes. Compared to non-APD users, APD users had higher rates of PD-only
hospitalizations (RR=2.96, 95% CI=2.37-3.71), ER visits (RR=2.35, 95% CI|=1.92-2.88),
Part A SNF episodes (RR=1.83, 95% CI=1.57-2.14), HHA episodes (RR=1.60, 95%
Cl=1.38-1.85), and physician visits (RR=1.52, 95% CI=1.40-1.65). When APD use was
analyzed as a categorical variable based on the number of 30-day APDdstaadar
prescriptions, similar significantly positive association was observedlfive PD-only

utilization outcomes.

4.4.2.c. Association of APD use with PD-related-comorbidities utilization (Table 4.3.9)

(1) Hospitalizations The use of APDs (vs. non-use) was not associated with rate of

hospitalizations due to PD-related comorbidities. However, a significani@ssoc

was observed when APD use was analyzed as a categorical variable. Hasipital
rates were significantly lower among users with 19 or more 30-day starethAiD
prescriptions (RR=0.79 for 19-28 prescriptions; RR=0.82 for 29+ prescriptions),
compared to non-APD users.

(2) Part A SNF episode#\PD use, analyzed as a dichotomous variable, was significantly

associated with an increased rate of Part A SNF episodes due to PD-relate
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comorbidities. The rate for APD users was 44% higher than that for non-APD user
(RR=1.44, 95% CI=1.24-1.67). Analysis of APD use as a categorical variable further
indicated that rates of Part A SNF episodes varied by levels of APD use. A
significantly higher rate was observed among users with 18 or fewer 30-day
standardized APD prescriptions, but a lower rate was observed among usé&$ with
or more 30-day standardized APD prescriptions, compared to non-APD users (0
prescriptions).

(3) HHA episodesAPD use, analyzed as a dichotomous variable, was significantly
associated with a reduced rate of HHA episodes due to PD-related comotbithidées
rate for APD users was 14% lower than that for non-APD users (RR=0.86, 95%
C1=0.73-0.98). Analysis of APD use as a categorical variable further shbatetth¢
rates of HHA episodes were significantly lower among users with 12 or fewer
(RR=0.75 vs. non-users) and 29 or more 30-day standardized APD prescriptions
(RR=0.68 vs. non-users).

(4) ER visits/Physician visitdNo association of APD use (either as a dichotomous or

categorical variable) was observed with ER visits and physician visit® dRI®-

related comorbidities.
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Table 4.3.9: Adjusted association between APD uasehealthcare utilization among 8,758 Medicare Part
D enrolees with PD from 1/1/ 2006 throughout 12/3107 or date of death

Healthcare utilization (n=8,758)

APD use Hospitalizations ER visits SNF episodes  HHA episode: Physician visits
RR  95% CI RR 95%CI RR 95% ClI RR 95% ClI RR 95% CI
All-cause

Dichotomous use

No use 1.00 1.00 1.00 1.00 1.00
Use 1APD 0.99 0.92-1.06 1.03 0.96-1.1(1.20 1.07-1.35t 1.06 0.95-1.10.93 0.88-0.98%

Categorical usé

0 (reference) 1.00 1.00 1.00 1.00 1.00

1-12 1.14 1.06-1.24t 1.11 1.02-1.201.34 1.22-1.47t 1.06 0.94-1.10.91 0.86-0.97t

13-18 0.97 0.90-1.05 1.01 0.93-1.1(1.09 1.00-1.20t 1.04 0.92-1.10.94 0.88-0.99t1

19-28 0.90 0.83-0.98t 0.99 0.91-1.0¢0.80 0.73-0.89t 1.08 0.95-1.20.95 0.87-1.01

29 + 0.89 0.82-0.97t 0.99 0.91-1.0¢0.81 0.74-0.90f 1.05 0.92-1.10.96 0.90-1.02
PD-only

Dichotomous use
No use 1.00 1.00 1.00 1.00 1.00
Use 1APD 2.96 2.37-3.71t 2.35 1.92-2.881.83 1.57-2.141 1.60 1.38-1.81.52 1.40-1.65t

Categorical usé

O (reference) 1.00 1.00 1.00 1.00 1.00

1-12 2.22 1.75-2.83t1 1.89 1.51-2.351.97 1.68-2.311t 1.35 1.15-1.51.39 1.27-1.53%t
13-18 2.81 2.22-3.56t 1.93 1.55-2.411.42 1.22-1.65t 1.49 1.27-1.71.38 1.26-1.51%
19-28 3.29 2.59-4.19t 2.50 2.00-3.121.16 1.00-1.38t 1.85 1.57-2.11.55 1.41-1.70%
29 + 3.96 3.13-5.01t 3.35 2.70-4.161.47 1.24-1.73t 1.88 1.60-2.21.83 1.67-2.01%1

PD-related comorbidities

Dichotomous use

No use 1.00 1.00 1.00 1.00 1.00
Use 1APD 091 0.80-1.04 1.03 0.91-1.171.44 1.24-1.67t 0.86 0.73-0.90.98 0.89-1.08

Categorical usé

O (reference) 1.00 1.00 1.00 1.00 1.00

1-12 1.01 0.87-1.17 1.13 0.98-1.3C1.51 1.29-1.76t 0.75 0.64-0.81.00 0.89-1.11
13-18 0.95 0.82-1.10 1.05 0.92-1.221.39 1.19-1.61t 1.00 0.85-1.11.01 0.90-1.12
19-28 0.79 0.67-0.93t 0.88 0.75-1.020.62 0.52-0.74t 0.94 0.79-1.11.02 0.91-1.15
29 + 0.82 0.71-0.97t 1.00 0.86-1.1¢0.85 0.72-1.00f 0.68 0.57-0.80.96 0.86-1.08

®Prescriptions were standardized to a 30-day suRRate Ratio; Cl= Confidence interval; t indicate
a statistical significance at P-value less thad OM@riables adjusted in these analyses included
demographics (age, gender, race, and residency)status, PDP enrollment, seen by neurologists,
depression, cognitive conditions, comorbiditiesigdburden (# of non-PD drugs), preventive sernices
all-cause utilization of interest at baseline (2006-5/31/2006), and inverse Miller’s ratio (IMRYR was
significant in all five utilization outcome modelBhe length of LTC stay was controlled in all madielt
not for SNF models due to a high correction betweE@ stay and SNF utilization.
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4.4.2.d.Association of APD use with healthcare expenditures (Table 4.3.10)

(1) Total expendituresNo statistical difference in total expenditures was observed

between APD and non-APD users. However, analysis of categorical APEhowed
that total expenditures were significantly higher among users with 29 or mdaey30
standardized APD prescriptions ($ 5,043; p<0.001 vs. non-APD users with O
prescriptions). The higher total expenditures incurred by patients with theshighe
level of APD use (i.e., 29 prescriptions) might be due to their higher Part D drug
expenditures.

(2) Part A expenditures: APD users, relative to non-APD user had lower Part A
expenditures (-$4,253; P< 0.001). As well, analysis of categorical APD use indicated
that Part A expenditures generally decreased with the increasing nohdteday
standardized APD prescriptions. Significantly lower Part A expenditures wer
observed among users with 13 or more 30-day standardized APD prescriptions, as
compared with non-APD users (0 prescriptions).

(3) Part B expendituredNo statistical difference in Part B expenditures was observed

between APD and non-APD users. However, the categorical measure of APD use
revealed that users with 13-18 standardized APD prescriptions had signifloaret
Part B expenditures (-$842; P< 0.001 vs. non-APD users with O prescriptions).

(4) Part D expenditures\PD users (vs. non-APD users) had higher Part D expenditures

($3,714; p<0.001). As well, the categorical measure of APD use showed that Part D
expenditures significantly increased with increasing number of 30-day slareda

APD prescriptions (except for patients with 1-12 prescriptions).
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Table 4.3.10: Adjusted association between APDamgehealthcare expenditures among 8,758 Medicare
PD enrollees with PD from 6/1/ 2006 throughout 12/2007 or date of death

Healthcare expenditures (n=8,758)

Total Part A Part B Part D
APD use ME ($) SE ME ($) SE ME($) SE ME ($) SE
Dichotomous use
No use 0 0 0 0

Use 1APD 784 1,036 -4,253 15971 -546 360 3,714 351t

Categorical usé

0 (reference) 0 0 0 0

1-12 829 1,187 51 2,120 -288 430 180 250

13-18 -603 1,138 -4,498 11,9651 -845 412t 2,396 274%
19-28 -788 1,199 -7,684 1,9461 -685 434 4,041 325t
29 + 5043 1,261t -6,824 11,9871 -20 442 7,412 379t

®Prescriptions were standardized to a 30-day supii= marginal effect calculated as differences in
expenditure outcomes between users and non-usgpgr8E= standard error; T indicates a statistical
significance at P-value less than 0.05. Adjustethbaées included demographics (age, gender, raxk, a
residency), LIS status, PDP enrollment, seen byabegists, depression, cognitive conditions,
comorbidities, drug burden (# of non-PD drugs)yvpreive services use, LTC stay, death in 2007, all-
cause hospitalizations at baseline (1/1/2006-5(8B%, and inverse Miller’s ratio (IMR). IMR was
significant in all four expenditure outcome models.

4.4.2.e.Summary results for Hypotheses 3.1.1and 3.1.2

In the analysis of all-cause healthcare utilization, adjusted resultstettlitat
both all-cause ER visits and HHA episodes were not associated with, butsal-ca
physician visits were significantly negatively associated witbABe (dichotomous and
categorical). These findings were not expected from our initial Hypothesis 3t 4ll-F
cause hospitalizations and Part A SNF episodes, we observed inconsistestwaén
dichotomous APD use and categorical APD use. Analysis of the dichotomous APD use
indicated no association with hospitalizations, and a significantly posgsce@tion
with Part A SNF episodes. However, analysis of categorical APD ggesied the
effect of APD use on both hospitalizations and Part A SNF episodes was nondlimear
is, the rates were higher with intermittent APD use (18 or fewer 30-daglastlized
APD prescriptions vs. no use), but eventually lower with continuous APD use (19 or

more vs. no use). The findings from categorical analysis on APD use suggestinhg
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dichotomous measure for APD use may not sufficient to characterize its desowith
all-cause Part A SNF and hospital utilization.

In the analysis of PD-related-comorbidities utilization, adjusted resuttwed that
APD use (dichotomous and categorical) was not associated with ER visits amigphys
visits, but was significantly associated with lower rate of HHA epis@alegh is
consistent to our hypothesis). We observed inconsistent results between dichotomous and
categorical APD use for hospitalizations and Part A SNF episodes. Hatahazed
APD use suggested no association with hospitalizations, and a positive assoctation wi
Part A SNF episodes. However, the categorical APD use revealed thaiittetet APD
use (18 or fewer vs. no use) was associated with increased utilization, whereas
continuous APD use (19 or more vs. no use) was associated with decreased utitization f
hospital and Part A SNF care for PD-related comorbidities.

In the analysis of PD-only utilization, adjusted results showed that, cordray t
Hypothesis 3.1.1, APD use (dichotomous and categorical) was associated wakddcre
rates of utilization for all five services. These findings should be intedovath caution
as they might be subject to confounding by PD severity; that is patients witrseware
motor symptoms were more likely to use APDs, and they tended to have higher
healthcare utilization, compared to patients with less severe motor symptoms.

In terms of expenditure outcomes, APD use (dichotomous and categorical)
significantly associated with reduced Part A expenditures, but increagda Pa
expenditures. These findings were consistent with our Hypothesis 3.1.2. However, our
multivariate results did not provide supportive evidence for the hypothesis regardi

total and Part B expenditures.
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4.4.3. Adjusted results for Hypotheses 3.2.1 and 3.2.2

H3.2.1: Compared to PD patients with a short duration of APD therapy, PD patient
with a long duration of therapy have lower hospitalizations, ER visits, Part A SNF

episodes, and HHA episodes, but higher office-based physician visits, after controlling
for other covariates and sample selection bias.

U

H3.2.2: Compared to PD patients with a low duration of APD therapy, patients with a
long duration had lower total expenditures, Part A expenditures, and Part B
expenditures, but higher Part D expenditures, after controlling for other covariates and
sample selection bias.

We analyzed the association of duration of therapy (DOT) with healththzation
(hypothesis 3.2.1) and expenditures (hypothesis 3.2.2) using negative binomial and
gamma GLMs, respectively, adjusting for covariates and sampleigelb@s. These
GLMs were performed among 7,583 PD patients withAPDs (two data points are
required to measure DOT). We detail the adjusted estimates of DOTdasélispecific
utilization (all causes, PD-only, and PD-related comorbidities), followezkpgnditure
outcomes (total, Part A, Part B and Part D) as follows. Full model resulidimg DOT
and all the control variables for all-cause hospitalizations and total exjresdire

presented in Appendix F.

4.4.3.a. Association of DOT with all-cause healthcare utilization (Table 4.3.11)
Duration of APD therapy was significantly inversely associated alitbause

hospitalizations, ER visits, Part A SNF episodes and HHA episodes.tRatitmlonger

DOT had significantly lower all-cause hospitalization rates (RR=0.85, 95%.&1-0.89

for medium DOT; RR=0.72, 95% CI=0.68-0.76 for long DOT; RR=0.08, 95% CI=0.07-

0.09 for maximum DOT), compared to patients with short DOT. A similar pattesn wa

observed for all-cause ER visits and Part A SNF episodes. However, ardiffattern
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was detected for all-cause HHA episodes, with a significantly higbeobserved in the
medium DOT group (RR=1.19, 95% CI=1.08-1.32), but a significantly lower rate
observed in the maximum DOT group (RR=0.71, 95% CI=0.63-0.80), compared with the
short DOT group. For all-cause physician visits, the rate was signifidagher in the
medium DOT group (RR=1.05; 95 CI % =1.00-1.11), but it did not differ in the long and

maximum DOT group, compared to the short DOT group.

4.4.3.b.Association of DOT with PD-only healthcare utilization (Table 4.3.11)
Association of duration of APD therapy with PD-only utilization varied across

health services. Part A SNF episodes for PD only significantly dectedth increasing

DOT. However, rates of hospitalizations and HHA episodes for PD only were

significantly higher among patients with medium and long DOT, but lower among

patients with maximum DOT, compare with patients with short DOTPEsDNly

physician visits, a significantly higher rate was observed in the mdd{@mgroup,

although it did not differ in the long and maximum DOT group, compared with the short

DOT group. We did not observe any association with PD-only ER visits.

4.4.3.c.Association of DOT with PD-related-comorbidities utilization (Table 4.3.11)
Duration of APD therapy was significantly negatively associatéiu nates of

PD-related- comorbidities hospitalizations, ER visits, and Part A&h8odes. The rates

of these three services decreased with increasing DOT. Converselpfidi¢a

episodes (RR=1.51, 95% CI=1.09-2.08) and physician visits (RR=1.17, 95% CI=1.04-

1.29) were significantly higher in the medium DOT group, although they did not differ i

the long and maximum DOT group, compared with the short DOT group.
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Table 4.3.11: Adjusted association between DOTlaadthcare utilization among 7,583 Medicare Part D
enrolees with PD from 6/1/ 2006 throughout 12/310°2or date of death
Duration Healthcare utilization (n=7,583)
of therapy Hospitalizations ER visits SNF episodes  HHA episode: Physician visits
(DOT) RR  95% CI RR 95%ClI RR 95%CI RR 95%ClI RR 95%CI

All-cause
Short 1.00 1.00 1.00 1.00 1.00
Medium 0.85 0.80-0.89tf 0.89 0.83-0.90.99 0.91-1.08 1.19 1.08-1.3:1.05 1.00-1.11t
Long 0.72 0.68-0.761 0.84 0.78-0.90.23 0.20-0.2511.06 0.97-1.1¢1.00 0.95-1.05
Maximum 0.08 0.07-0.091 0.49 0.45-0.50.03 0.03-0.0410.71 0.63-0.801.00 0.94-1.06
PD-only
Short 1.00 1.00 1.00 1.00 1.00
Medium 1.28 1.13-1.46t1 1.07 0.83-1.20.96 0.85-1.07 1.25 1.11-1.4:1.12 1.04-1.20t%
Long 1.32 1.15-1.50f 1.21 0.93-1.E0.18 0.16-0.2111.20 1.06-1.361.01 0.94-1.08

Maximum 0.25 0.20-0.31t 0.79 0.56-1.(0.02 0.01-0.0210.88 0.75-1.021.01 0.94-1.09
PD-related-comorbidities

Short 1.00 1.00 1.00 1.00 1.00
Medium 0.87 0.78-0.97t 0.93 0.83-1.(0.94 0.84-1.06 1.51 1.09-2.0:1.17 1.06-1.29t
Long 0.72 0.63-0.81f 0.79 0.70-0.80.18 0.16-0.21ft 1.11 0.79-1.£0.97 0.88-1.07

Maximum 0.08 0.05-0.11f 0.53 0.45-0.60.02 0.02-0.031 1.28 0.86-1.€0.97 0.87-1.07

Short: 400 days; Medium: 401-539 days; Long: 540-578 délgximum: 579 days

RR=Rate ratio; Cl=Confidence interval; T indicatestatistical significance at P-value less tha’.0.0
Adjusted variables included demographics (age, gemece, and residency), LIS status, PDP enrolimen
seen by neurologists, depression, cognitive cantiticomorbidities, drug burden (# of PD and non-PD
drugs), changes in APD therapy, preventive servises all-cause utilization outcome of interest at
baseline (1/1/2006-5/31/2006), and inverse Milleaso (IMR). IMR was significant in all five utitiation
outcome models. The length of LTC stay was corgdbih all models, but not for SNF outcome models
due to a high correction between LTC stay and Stlization.

4.4.3.d.Association of duration of therapy with healthcare expenditures(Table 4.3.12)
Patients with long and maximum DOT had significantly lower total (-$7,289 and $
-13,961, respectively), Part A (-$6,931 and $ -21,910, respectively), and Part B
expenditures (-$412 and $ -1,448, respectively), but had significantly higher Part D
expenditures ($3,093 and $4,832, respectively), compared to patients with short DOT.
No differences in total, Part A, and Part B expenditures were observed between the
medium and short DOT groups. Part D expenditures significantly increased wit

increasing DOT.
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Table 4.3.12: Adjusted association between duraifaherapy and healthcare expenditures among 7,583
Medicare Part D enrolees with PD from 6/1/2006 digieout 12/31/2007 or date of death

Duration of Healthcare expenditures (n=7583)

therapy Total Part A Part B Part D
(DOT) ME ($) SE ME ($) SE ME (%) SE ME ($) SE
Short 0 0 0 0

Medium 648 1,128 -193 2,566 345 384 1,914 3047
Long -7,289 1,117t -6,931 2,4171 -412 3937 3,093 3397

Maximum -13,961 1,102t -21,910 1,972° -1,448 427t 4,832 404t

Short: 400 days; Medium: 401-539 days; Long: 540-578 déigximum: 579 days

ME= marginal effect calculated as difference inengliture outcome between DOT groups; SE=standard
error; T indicates a statistical significance ataRie less than 0.05. Adjusted variables included
demographics (age, gender, race, and residency)status, PDP enrollment, seen by neurologists,
depression, cognitive conditions, comorbiditiesigdburden (# of PD and non-PD drugs), changes b AP
therapy, preventive service use, LTC stay, dea00v, all-cause hospitalization at baseline (D042
5/31/2006), and inverse Miller’s ratio (IMR). IMRaw significant in all four expenditure outcome mniede

4.4.3.e.Summary for Hypotheses 3.2.1 and 3.2.2

Compared to patients with short DOT400 days), patients with long (540-578
days) or maximum DOT (579 days) had lower rates of all-cause utilizatioouior f
services (hospital, ER, Part A SNF, and HHA care), PD-only utilizatiotwio services
(hospital and Part A SNF care), and PD-related-comorbidities ublizgdr three
services (hospital, ER, and Part A SNF services). Conversely, patidgnteevmoderate
DOT (401-539 days) had a higher rate of physician visits related to aé;daDsonly,
and PD-related comorbidities. These findings were consistent with our Hyis@I24.
However, contrary to the hypothesis, medium or long DOT (vs. short DOT) was
significantly associated with an increased rate of HHA episodesdadlatll cause, PD-
only, and PD-related comorbidities.

In terms of healthcare expenditures, the long and maximum DOT groups had
significantly reduced total expenditures, Part A expenditures, and Part B dxpegdi
but increased Part D expenditures. These findings were consistent with our Higothe
3.2.2. Total, Part A, and Part B expenditures did not significantly differ between the

moderate and short DOT groups.
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4.4.4. Adjusted results for Hypotheses 3.3.1 and 3.3.2

H3.3.1: Compared to PD patients with low adherence to APDs, patients with high
adherence have lower hospitalizations, ER visits, Part A SNF episodes, and HHA
episodes, but higher office-based physician visits, after controlling for other covariates
and sample selection bias.

H3.3.2: Compared to PD patients with low adherence to APDs, patients with high
adherence have lower total expenditures, Part A expenditures, and Part B expenditures,
but higher Part D expenditures, controlling for other covariates and sample selectign
bias.

We assessed the association of adherence to APDs with healthcaatantiliz
(hypothesis 3.3.1) and expenditure outcomes (hypothesis 3.3.2) using negative binomial
and gamma GLMs, respectively, adjusting for covariates and samplewselaas. The
GLMs were performed among 7,583 PD patients withAPDs (two data points are
required to measure adherence). We detail adjusted estimates of APD azlfmrenc
disease-specific utilization (all causes, PD-only, and PD-relatedrbadities), followed
by expenditure outcomes (total, Part A, Part B and Part D) in the followitigrseeull
regression model results for all-cause hospitalizations and total expendrterattached

in Appendix G.

4.4.4.a. Association of adherence with all-cause healthcare utilization (Table 4.3.13)
Higher adherence to APDs was significantly associated with a redueeaf edl-cause
utilization for all five services (hospital, ER, Part A SNF, HHA, and plgsicare).
Patients with high adherence (RR=0.88, 95% CI=0.83-0.93) and optimal adherence
(RR=0.83, 95% CI=0.78-0.89) had significantly lower all-cause hospitalizaticss rat
compared to patients with low adherence. A similar pattern was observeldciu s

ER visits, Part A SNF episodes, HHA episodes, and physician visits.
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4.4.4.bAssociation of adherence with PD-only healthcare utilization (Table 4.3.13)
Higher adherence to APDs was significantly associated with reduesdofeP D-only
hospitalizations, ER visits, and Part A SNF episodes, but not with PD-only HHA
episodes and physician visits. A significantly lower rate of hospitalizatiwr3D only

was observed in the optimal adherence group (RR=0.86; 95% CI=0.76-0.99), compared
to the low adherence group. The rate of PD-only ER visits was significadthged with
increasing adherence to APDs (RR=0.84, 0.80, 0.74 for moderate, high, and optimal
MPR, respectively, vs. low MPR). As well, significantly lower ratesat R SNF

episodes for PD only were observed in the high and optimal MPR groups (RR=0.86; 95%
C1=0.75-0.98, and RR=0.59; 95% CI=0.51-0.68, respectively), although a significantly
higher rate was observed for the moderate MPR group (RR=1.24; 95% CI=1.08-1.43),

compared with the low MPR group.

4.4.4.c.Association of adherence with PD-related-comorbidities healthcare utilization
(Table 4.3.13)
Patients with higher adherence to APDs, notably those with high and optimal adherenc
had a significantly lower rate of PD-related-comorbidities utilrafor all five services
(hospital, ER, Part A SNF, HHA, and physician care), compared to patiehtowit
adherence to APDs. Patients with a moderate MPR (vs. low MPR) had a sigiyificant
lower rate of ER visits (RR=0.82, 95% CI1=0.73-0.92) and physician visits (RR=0.86,
95% CI1=0.78-0.94), but had a higher rate of HHA episodes (RR=1.16, 95% CI=1.01-

1.34).
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Table 4.3.13: Adjusted association between adhertm&PDs and healthcare utilization among 7,583
Medicare Part D with PD from 6/1/2006 throughout3122007 or date of death

APD Healthcare utilization (n=7,583)

adherence Hospitalizations ER visits SNF episodes  HHA episode: Physician visits

(MPR) RR 95%ClI RR 95%ClI RR 95% ClI RR 95% ClI RR 95% CI
All-cause

Low 1.00 1.00 1.00 1.00 1.00

Moderate 1.02 0.96-1.08 0.95 0.88-1.C1.19 1.07-1.3110.91 0.83-1.0(0.94 0.90-0.99t

High 0.88 0.83-0.931 0.90 0.84-0.90.78 0.70-0.8610.83 0.76-0.910.94 0.91-0.99%

Optimal  0.83 0.78-0.89t 0.93 0.87-0.90.59 0.53-0.6710.81 0.73-0.900.92 0.88-0.97%
PD-only

Low 1.00 1.00 1.00 1.00 1.00

Moderate 1.13 1.00-1.28 0.84 0.74-0.9/1.24 1.08-1.431 1.08 0.96-1.21.01 0.95-1.08

High 1.03 0.92-1.16 0.80 0.71-0.8'0.86 0.75-0.981 0.99 0.88-1.10.99 0.93-1.04

Optimal 0.86 0.76-0.991 0.74 0.65-0.80.59 0.51-0.68t% 0.89 0.79-1.00.99 0.93-1.06
PD-related-comorbidities

Low 1.00 1.00 1.00 1.00 1.00
Moderate 1.02 0.90-1.16 0.82 0.73-0.9.0.96 0.83-1.11 1.16 1.01-1.30.86 0.78-0.94t
High 0.87 0.77-0.98t 0.81 0.72-0.90.72 0.64-0.8310.95 0.84-1.0¢0.85 0.79-0.92t

Optimal  0.88 0.77-1.001 0.88 0.78-0.90.69 0.59-0.8010.82 0.71-0.950.85 0.77-0.93t

Low: 0.79; moderate: 0.8—.89; high: 0.90-0.99; optirfaDO

RR=Rate ratio; Cl= Confidence interval; T indicatestatistical significance at P-value less th&50.
Adjusted variables included in these analyses wsiendar to that in the analysis with all-causeimstion
outcomes as the dependent variables and duratitredpy (DOT) as the key independent variable.

4.4.4.d. Association of adherence to APDs with healthcare expenditures (Table 4.3.14)
Patients with high and optimal adherence to APDs had significantly lowk¢-tota
$1,916 and $-2,689, respectively), Part A (-$6,295 and $ -8,041, respectively), and Part B

expenditures (-$632 and $ -1,160, respectively), but had significantly higher Part D
expenditures ($3,009 and $3,165, respectively), compared to patients with low adherence
to APDs. No differences in total, Part A, and Part B expenditures were abbetvesen

the moderate and low MPR groups. Part D expenditures significantly indnedke

increasing adherence to APDs ($1,483, $3,009, $3,165 for moderate, high, and optimal

MPR, respectively, compared with low MPR).
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Table 4.3.14: Association between adherence to Adidshealthcare expenditures among 7,583 Medicare
Part D enrolees with PD from 6/1/2006 throughouB12007 or date of death

APD Healthcare expenditures (n=7,583)

adherence Total Part A Part B Part D
(MPR) ME ($) SE ME ($) SE ME ($) SE ME ($) SE
Low 0 0 0 0

Moderate 85 948 -2,935 1,539 -439 343 1,483 211t
High -1,916 8561 -6,295 1,4431 -632 322t 3,009 3007t
Optimal -2,689 1001t -8,041 1,5441 -1,160 338t 3,165 311t

Low: 0.79; moderate: 0.8—.89; high: 0.90-0.99; optirfaDO

ME= marginal effect calculated as differences ipenditure outcomes between MPR groups; SE=
standard error; T indicates a statistical signifazaat P-value less than 0.05. Adjusted variabldsded
demographics (age, gender, race, and residency)stakus, PDP enrollment, seen by neurologists,
depression, cognitive conditions, comorbiditiesigdburden (# of PD and non-PD drugs), changes b AP
therapy, preventive service use, LTC stay, dea00v, all-cause hospitalization at baseline (D042
5/31/2006), and inverse Miller’s ratio (IMR). IMRaw significant in all four expenditure outcome mnisede

4.4.4.e. Summary for Hypotheses 3.3.1 and 3.3.2

Compared to patients with low adherence to APDs (MBRO), patients with
high (MPR=0.90-0.99) and optimal adherence (MPR=1.00) had significantly lot@sr ra
of all-cause utilization for five services (hospital, ER, Part A SNFAH&hd physician
care), PD-only utilization for three services (hospital, ER and Part AcaiNgy, and PD-
related-comorbidities utilization for all the five services. These firglimgre consistent
with our Hypothesis 3.3.1. Moderate adherence to APDs (MPR=0.80-0.89.¥9) was
significantly associated with a lower utilization rate of three sesv(all-cause physician
visits, PD-related-comorbidities ER visits and physician visits), but ahrgite of three
services (all-cause/PD-only Part A SNF episodes and PD-ralatedrbidities HHA
episodes).

In terms of healthcare expenditures, patients with high and optimal adherence to
APD (vs. those with low adherence) had significantly reduced total, Part Aaand P

expenditures, but increased Part D expenditures. Total, Part A, and ParinBiexpe
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did not significantly differ between the moderate and low adherers. These fimgings

consistent with our Hypothesis 3.3.2.

4.4.5. Summary of Aim 3
We summarized multivariate results of the association between healttiGastion

and expenditures and three APD use measures (use, duration, and adherence) as follows

4.4.5.a.Association of APD use with healthcare utilization and expenditures
(1) Healthcare utilization
APD use (both dichotomous and categorical variables) was significantly

associated with lower rates of physician visits (all-cause) and HHAdgsgPD-
related-comorbidities). Inconsistent data were observed for hospitalizatidri2art A
SNF episodes (both all-cause and PD-related-comorbidities) between dichotwrdous
categorical APD use. Using dichotomous APD use, we detected no association for
both types of hospitalizations and a significantly positive association for bothdf/pe
Part A SNF episodes. However, results from categorical APD use retiealedtes
of hospitalizations and Part A SNF episodes varied by the amount of APD tisa, wi
significantly lower rates observed among continuous APD users (those with 19 or
more 30-day standardized APD prescriptions). The findings from categamiglgsis
on APD use suggest that using categorical APD use, rather than dichotomous APD
use, is preferable for characterizing its association with hospitahzand Part A

SNF episodes due to all cause and PD-related comorbidities.

187



Additionally, we observed that APD use (both dichotomous and categorical
variables) was significantly associated with increased rates of PDsolidgtion for
five health services: hospital, ER, Part A SNF, HHA, and physician caree Thes
findings should be interpreted with caution as they might be subject to confounding by
PD severity, which is a common limitation in observational studies using

administrative claims databases.

(2) Healthcare expenditures
Use of APDs (both dichotomous and categorical measures) was sighjficant
associated with decreased Part A expenditures and increased Part D exgeruit
not associated with Part B expenditures. The significant reduction in Part A
expenditures for APD users was offset by their higher Part D drug expesditur

resulting in total expenditures that were not different from those of non-APD users.

4.4.5.b.Association of duration of therapy with healthcare utilization and expenditures
(1) Healthcare utilization
Longer duration of APD therapy %40 days) was significantly associated with
reduced rates of all-cause utilization for four services (hospital, ERAFEMF, and
HHA care), reduced rates of PD-only utilization for two services (hogmtaPart A
SNF care), and reduced rates of PD-related-comorbidities utilizationrés services
(hospital, ER, and Part A SNF). Medium duration of APD therapy (401-539 days vs.
400 days) was significantly associated with an increased rate of HHA epsaties

physician visits related to all cause, PD-only, and PD-related comabidit
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(2) Healthcare expenditures
Longer duration of APD therapy %40 days) was significantly associated with
reduced Part A expenditures and Part B expenditures, although increased Part D
expenditures. There was no significant difference between the modetatiaan
DOT group in healthcare expenditures, except for Part D expenditures. mifieang
increase in Part D expenditures for patients with longer duration of AP&pthevas
largely offset by their lower Part A and Part B expenditures, resuititajal

expenditures that were significantly lower than that of short DOT users.

4.4.5.c. Association of adherence to APDs with healthcare utilization and expenditures

(1) Healthcare utilization
Higher adherence to APDs (MPR&90) was significantly associated with reduced
rates of all-cause utilization for five services (hospital, ER, Part A $¥A, and
physician care), reduced rates of PD-only utilization for three senhossital, ER,
and Part A SNF), and reduced rates of PD-related comorbidities for &lldhe
services.

(2)Healthcare expenditures
Higher adherence to APDs (MPR&90) was significantly associated with reduced
total, Part A, and Part B expenditures, although increased Part D expenditgres. T
significant increase in Part D expenditures for patients with higher ARBrance
was largely offset by their lower Part A and Part B expenditures, iregirittotal
expenditures that were significantly lower than that of patients with low APD

adherence.
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5. DISCUSSION

Using 5% Medicare CCW data for 2006 and 2007, this study addressed three
aims: (1) to describe the profiles of APD use and adherence, includingtimaey
measures (any use, duration, and adherence) and three secondary measures (trends in
APD use, APD interruptions, and switching/augmentation of APDs); (2) to examine
factors associated with each of the three primary APD use measur¢3) amdssess the
association of the primary APD use measures with healthcare wiizatd expenditures
among Part D enrollees with PD. We present the major findings of each aim arss disc

their implications as follows.

5.1.Aim 1
5.1.1. Main findings on primary APD use measures
(2)APD use

Our study demonstrates that the majority (88%) of Medicare Part D tianeB with
Parkinson’s disease (PD) had one or more APD uses during the 19-month study period
(6/1/2006-12/31/2007). The percentage of patients using APDs in our study is higher than
that reported in two previous population-based studies of APD use in the U.S. (44% in
the SAGE data and 58% in the MCBS dafa)®We have several explanations for the
discrepancy. This higher percentage could be due to the availability of MeBa&drD
drug coveragé®® Our study measured APD use among patients enrolled in the Part D
program in both 2006 and 2007, while prior studies observed drug use prior to the Part D
program (2000-2003 in MCBS; 1992-1996 in SAGE), a period where some of the study

sample might not have had drug coverage. On the other hand, our method of PD
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identification (i.e., requiring each patient to have one or more ICD-9 code 3320 in tw
consecutive years) might yield a more accurate picture of true PDatdsaly in need

of APDs to control their motor symptoms, than did the approach used in previous
studiest* *° Accordingly, our study showed a relatively higher prevalence of APD users
than that in those prior studies. Further, the higher percentage of APD users utdgur st
might be due to the difference in data used to ascertain drug use. Our study used
prescription claims data considered more valid than patients’ self-repautdaed by

two prior studies (i.e., SAGE and MCBS). In summary, using a more accufiaigate

of PD and detailed prescription claims data, our findings reflect the more cARPnt

use in Medicare Part D enrollees with PD.

This study also examined the patterns of APD use by drug class and found that
dopamine precursors (DPs) remained the most commonly used drug class overall (91%
7,706 APD users), in monotherapy users (88% of 4,430 users), and in combination-
therapy users (97% of 3,276 users). These observations are consistent with findings
observed in other U.S. population-baSe® “°and clinical studi€d ®* 7 as well as
European cohort studi®. The second most commonly used APD class was dopamine
agonists (DAs), present in 35.2% of total APD users. Other four APD classegfi(@-

B inhibitors, COMT inhibitors, anticholinergics, and amantadine) were used bhésss t
10% of APD users in our study, and these observations are consistent with previous
studies in the U.& *® *0Overall, our findings in conjunction with the important
observations from prior studies suggest that DPs are the most commonly used APDs for
treating PD symptoms. Additionally, our findings on APD use by drug clagstéfle

current American Academy of Neurology guidelines for the treatment of#n the
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guidelines, DPs and DAs are recommended as a major first-line treatmermasvbther
classes of APDs are considered as adjunctive therapies with DPs or DAs, antieised w
PD patients present with certain complications (e.g., COMT inhibitors in conuinat

with DPs were used to control motor fluctuations).

(2)Duration of APD therapy

Although it has been known that successful treatment of PD generally requires
long-term drug therapy, data regarding duration for which PD patients atedtreith
APDs have not been reported until this study. Our data showed that three-fébir38s, (
5,707/7,538) of APD users used their APDs for at least 436 days (or 14.5 months) during
the 579-day (or 19 months) study period. When further stratified by treatmentierm, t
result showed that monotherapy users tended to have shorter duration of APD therapy
than did combination-therapy users. This observation could be because compared to the
combination-therapy users, the monotherapy users might be either in yhetagel of
PD with a lower need for APD therapy, or in the very advanced stage of PD loxtlera
APD use due to increasing intolerance of these agents. We also analyzieoh ddirat
therapy by drug class and found that patients with DPs and DAs tended to be long-
duration users, compared to patients with MAO-B inhibitors, COMT inhibitors,
anticholinergics, or amantadine. This finding might be because DPs and DAs are
generally considered more effective and are commonly used in pratiieeas

monotherapy or as combination therapy, compared to other APD cta$8es.
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(3)Adherence to APDs

Adherence to APDs (measured as MPR) was generally high among PDspatient
with two or more fills of any APDs (n=7,583), with 72.7 % of the users having an MPR
of 0.8 or higher (i.e., possessing APDs for at least 80% of their treatmendwlurisk
addition, 21.2% (1,608/7,583) of the APD users had an MPR that was over 1.0, and this
observation could be explained by two reasons. First, 44.0% (708/1,608) of these patients
had Medicare-covered hospital and SNF days excluded from the denominator of the MPR
ratios, which resulted in an artificial value higher than an MPR of 1.0. Thendena
(56.0%, 900/1,608) of the patients with an MPR D0 might be tempted to stockpile
their medications for a later use; however, the amount of overstock was not\excessi
with the majority (96.0%, 864/900) stockpiling less than 15 days’ supply of APDs (i.e.,
having a 1.0 < MPR 1.15). We also observed a greater proportion of patients with an
MPR of 0.80 in both single and multiple APD users, as well as in each drug class in our
study. With the use of an MPR of 0.8 or higher as evidence of good adherence to APDs,
the percentage (72.7%) of good adherers in our study is higher than that in previous
population-based studies (ranging 33.0%- 53.594; ***put lower than that in clinical
trials (ranging 80.0%-97.79%f: %

The discrepancy in APD adherence between our study and other population-based
studies could be explained by two reasons: (1) the availability of Part D drexagey
and (2) the different designation of PD. As mentioned, our study observed APD use
among PD patients enrolled in the Part D drug plans, while prior studies assB&sed A
use among PD patients, some of whom might not have had drug insurance. In addition,

with a more accurate method to define PD patients (i.e., 332.0 code was ragtwed i
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consecutive years), our study were likely to have observed true PD dasesquired
APD therapy, and this might explain a higher percentage of patients with goodnaéhere
(i.e., MPR of 0.80) in our study.

On the other hand, the discrepancy between our study and clinical studies could
be attributed to the different study population and approaches to measuring aglherenc
The study population of clinical studies mainly consisted of self-selectiethisavho
typically had a strong motivation to take medications to control their PD syraptom
Moreover, patients’ medication-taking behaviors were closely monitordihicat
settings, which would lead to far better adherence to APDs. Another advantage in the
clinical studies was using an electronic monitoring bottle to measure adh&réhc
which tends to capture more accurate information on medication use than do poescripti
claims data in our study. Taken together, the adherence level in clinicalsstutkely
to be higher than that obtained from the population-based studies, such as our study.
Nevertheless, our study using a nationally representative sample of Medicar
administrative claim data is the first to provide a real-world, represenfaititure of
adherence to APDs in a Medicare population with PD.

The APD adherence (mean MPR=0.88) observed in our Medicare PDP enrollees
with PD is essentially as high as that for enrollees diagnosed withesgbetan
MPR=0.89)"* In addition, a CMS report examining drug adherence to 4 chronic
diseases (congestive heart failure, dementia, major depression, and rheurtratog) a
found that for each disease, over 75% of the beneficiaries had an optimal or nearly

optimal MPR during their second year (i.e., 2007) of PDP enrollfiént.
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5.1.2. Secondary APD use measures
In Aim 1, in addition to APD use and adherence, we also described three
secondary APD use measures: trends in APD use, APD interruptions, and swihching a

augmentation of APDs.

(1) Trends in APD use

Our study revealed that overall, in any given month during the 19-month study
period, more than half of patients used single APD, almost one in four used two APDs,
and fewer than 5% used three or more APDs. Additionally, we observed that between
11.5% and 20.0% of APD users had no APD use in certain months during the 19-month
period. A relatively higher percentage of non-APD users was observed duringlyhe ea
months of Part D implementation (June-December, 2006). This observation could be in
part because of the late enrollees (i.e., those who joined the Part D prograenbetwe
January and May 2006) delaying their APD use in 2006 as they might still be in the

process of adopting this new policy.

(2)APD interruption

The interruption of APD use could be a concern in PD patient since long-term
interruptions may affect the effectiveness of drug treatdfelft-Our findings indicated
that one-third (33.8%) of the Parkinson’s patients experienced one or more APD
interruptions that lasted at least 1 month. Of these patients, one in four had a longer
period of interruption (i.e., 2 months). Our study is the first to report the prevalence of

APD interruptions using a large population-based dataset. This observatemaai

195



concern regarding the impact of APD interruption on potential adverse outcomes.
Although patients may temporarily stop their APD treatment due to losBazfogfor

side effects, a short-term interruption in certain APDs could lead to an iednesis of
adverse outcomes. A clinical report indicated that PD patients who missed levadopa a
its adjunct treatment for 72 hours experienced neuroleptic malignant syg)dshich
presents fever, severe muscle rigidity, and autonomic and mental statgesf’
Furthermore, frequently missed APD doses are suspected to worsen diseage cont
resulting in an immediate motor impact for PD patients, especially thosedvanced
stage’ Nevertheless, clinical evidence on APD interruption is not completely clear.
Further research is needed to determine whether and to what extent the intesrapti

APD treatment could result in worsening motor symptoms in PD patients.

(3)Switching and augmentation

Our study showed that during the 19-month study period, 25.0% of the PD
patients experienced at least one occurrence of switching and/or augmnentdteir
APD regimen. Switching of APDs occurred in 13.6% of our PD patients, suggesting that
approximately one in ten patients might not tolerate or respond well to themtcurre
APDs. Augmentation of APDs occurred in 19.0% of our PD sample, suggesting that
nearly two in ten patients might have developed progressing symptoms or experienced
motor complications (dyskinesias, involuntary/unintentional movements, and on-off
fluctuations) during the observational period of this study, thus being recommended to
augment additional APDs to their existing drug regimens. In the literatlsepne study

reported change in APD therapy among PD patient who were naive to APDytherap
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newly-diagnosed patient$) Results of this study cannot be directly compared with our
findings mainly because our study examined the drug changes among a pfealent
cohort— both existing cases diagnosed before the study period (2006) and new cases
diagnosed in 2006 and continuing to carry PD throughout 2007.

Furthermore, we estimated switching and augmentation rates by dssgs;land
described specific drug classes to which each class was switched arshtaegm
analyses that have rarely been reported before in a PD population. We observed that
among the six classes of APDs, DPs were the least frequently switched¢lirrences
per 100 patient-years) and augmented class (2.5 occurrences per 100 patsgntdysar
observation can be explained by the fact that DPs are considered the sutisteePDs
and are rarely changed after initiation. On the other hand, we observed that MAO-B
inhibitors were the most commonly switched class (19.4 occurrences per 100 patient-
years). The possible explanation for this high switching rate in MAO-B inhsbgdhat
these drugs are first used for early-stage, mild-symptom PD patiemts$qori
dopaminergic therapy (DPs or DAs); however, as the disease progresse®8 MAO-
inhibitors are often replaced by DPs or DAs due to their relatively pooreaaff *

This explanation was further confirmed by our analysis of switching occesdmtween
drug classes, where MAO-B inhibitors were most frequently switched to dllesyé¢d

by DAs (Table 2.5.3 in Results section). In addition, MAO-B inhibitors were shown to
have the highest augmentation rate (32.5 occurrences per 100 patient-years), in par
because MAO-B inhibitors has been considered as an effective adjunctive tioeDdpsy

or DAs for advanced-stage PD patients with motor fluctuaffo@sir data (Table 2.5.4
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in Results section) further confirmed that MAO-B inhibitors were frequeitied to

DPs, followed by DAs.

5.2. Aim 2
In Aim 2, we examined factors associated with each of three primary APD use
measures (any use, duration, and adherence). Our study demonstrated semeyal fact

significantly associated with APD use and adherence.

5.2.1.Demographics

(1) Age: This study did not find an association between age and the probability of using
APDs among Medicare Part D population that consisted of either young, disabked (
years) or elderly PD patients 65 years). One other study of elderly6b years)

Medicare beneficiaries with PD found a nonlinear relationship betweemdg&Pd use;
that is the young-elderly (65-74 years) and oldest-eldel§ ffears) were less likely to

use APDs than the old-elderly (74-84 yeardirect comparison of this result with our
finding is difficult because of the different age ranges. Neither did we observe a
association between age and duration of APD therapy. However, our study thdicate
inverse relationship between age and adherence to APD therapy. The youmtg patie

64 years), relative to the elderly PD patient§% years), were significantly more likely

to have optimal adherence (MPR=1.00). This finding could be explained by the fact that
the young Medicare PD patients with disabilities received finaasiiktance for their

Part D drug plans. With such financial help, they had fewer economic barriers to
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accessing medications needed after enrolling in Part D, thereby resulinmogaased

APD adherence.

(2) Gender Our data found no gender difference in the probability of using APDs or
having a high adherence to APDs, similar to the data reported in most of the prior
studies™ *® “except for the SAGE study.Interestingly, when examining duration of
APD therapy, we observed that female users were more likely than maléousave
longer duration of APD use (401-579 days). It remains less clear what cagribubhe
gender difference in duration of APD therapy in our study. In the literatemeleg has
not been considered as a strong predictor of medication use and adherence among
patients with PO® % 8 13'As we are unable to control for some gender-related factors
(e.g., difference in understanding of PD diseases and drug treatment, or difference
belief in medication efficacy between females and males), it is unchesiher these

unobserved factors contribute to the gender difference observed in our study.

(3) Race This study found no statistically significant racial differencethe probability
of using APDs after controlling for other covariates. The non-significanglel be
likely due to small sample size in the non-white groups who had no APD use (n=82
Black and 72 Other races/ethnicities including Asian, Hispanic, and other). d\ibrisli
study find any significant correlation between races and duration of AP[pyhera
Nevertheless, our data showed that both Black and Other ethnicities, relatihgeo W
ethnicity, were significantly less likely to have higher adherence sAPhis finding

highlights that racial differences in adherence to APDs may persistwvelledicare
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Part D drug coverage. Further research may consider examining reasons for low
adherence in the Black ethnicity and this may inform interventions designediizer

racial disparities in medication adherence in beneficiaries with PD.

5.2.2.Low-income subsidy (LIS) status

One of the important features of the Medicare Part D program is to assist low-
income beneficiaries (i.e., whose income is below 135 percent of the federal/ pioedr
with monthly drug premiums and annual deductibles and copayments for prescription
drugs. Our analyses found that the LIS, relative to the non-LIS, were cagntifi less
likely to use APDs, and if using, they were less likely to have a longer period {801-
days). This finding, opposite of what we originally hypothesized, may suggest that
despite receiving financial assistance, the LIS recipients continupeoiexce
difficulties receiving and maintaining APD therapy. However, whemexring APD
adherence as an outcome, our data found that the LIS patients (vs. the non-bIS)patie
were more likely to have optimal adherence to APDs (MPR=1.00). This observation
suggests that Medicare Part D’s drug subsidy program may somewhat helpmdrahial
improve their medication adherence to a level better than those of the vweisthibnyt
such drug subsidy.

We further examined LIS by race, and found that a significantly higher proportion
(18.2%) of the LIS patients were non-white, as opposed to 3.4% in the non-LIS patients.
The combined effects of race and LIS might have put patients at higher nekusing

or non-adhering to their prescribed drug regimens. Indeed, our bivariatthdated that
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prevalence of APD use was significantly lower in the minority (i.e., nonewhit|S,

83.4%) than in the non-minority (i.e., white & non-LIS, 91.4%) (data not shown).

5.2.3.Timing of Part D enroliment

We also examined the timing of Part D enrollment during the first yearobDPa
to see whether APD use and adherence differed between the early enpolteds (
1/1/2006) and the late enrollees (1/1/2006-5/15/2006). Our data indicated that the early
enrollees (vs. the late enrollees) were significantly more likelygdAi*Ds, use them for
a longer duration (540-579 days ), and have higher APD adherence (MPR=0.80-1.00)
during the study period (from 6/1/2006 to 12/31/ 2007 or date of death). A higher, longer,
and regular use of APDs in the early enrollees could be explained by seesmals. For
example, the early enrollees might have already adapted to the newgdidyuring
the open enroliment transition period (1/1/2006-5/15/2006), thereby being less likely to
disrupt their APD use later during the observational period of this study (6/1/2006-
12/31/2007 or date of death). In addition, the early enrollees might have anticiygated t
need for the drugs and expected that their early enrollment could cover theesxpiens
their drugs. This anticipation might have reflected a higher, longer, andpaistent

use of APDs among the early enrollees, compared to the late enrollees.

5.2.4.Neurologist visits
Our study showed that having neurologist visits was significantly positively
associated with the probability of using APDs (PRR=1.19), although it was not

associated with duration of and adherence to APDs. Our study is the first toexaeni
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effect of neurologist visits on medication use and adherence among PD patents

higher probability of APD use for PD patients with such visits may be because
neurologists understand the disease diagnosis and treatment better, and tend to provide
superior services tailored to patients’ need compared to physicians notizpe da
neurological diseases. A prior study has demonstrated that movement disoriddistspec
(MDS) were more likely to prescribe dopaminergic therapy to PD patteats hon-

MDS doctors*® Our finding suggests that neurologists may play an important role in

improving the use of APDs among PD patients.

5.2.5. Depression

Depression has been considered an important factor that influences medication
use in patients with PEf; "> as around 30% to 40% of PD patients suffer from depression
prior to the PD onset or during some stages of their illf{éSdn our study, however,
having depression was not significantly associated with the probability of using a
APDs among PD patients. When limited to APD users, depression had no association
with APD adherence, but had a significantly negative association with the omax79
days) duration of APD therapy (PRR=0.96 vs. having no depression). The null findings
on depression and APD use and adherence outcomes in our study may be due to the
underestimation of depression in Medicare claims data. A recent study inthedtes
Medicare claims data have a low sensitivity (10%-46%) of identifying dejwe
patients, compared with two validated depression diagnosis scales (Miniatrdasal
Neuropsychiatric Interview-Major Depressive Episode Module [MINI-MB&d the 15-

item Geriatric Depression Scale [GD$1jIn our analysis, the underestimation of
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depression might have led to a misclassification error (i.e., classdgimgssion cases

into the non-depression group), which caused no difference between depression and non-
depression in APD use and adherence outcomes. Despite the potential misiassifi

of depression, a significantly inverse association persisted betweensitapeesl the

maximum duration of APD therapy (579 days), suggesting that depression may be an

important influential factor.

5.2.6. Cognitive conditions

Cognitive impairment has also been considered an important factor that
influences medication use in patients with PD, as a great proportion of our PDspatient
suffered from at least one of the following cognitive disorders: Alzheinit' $%),
dementia (49.8%), and psychosis (25.8%). The prevalence of each condition in our PD
sample is consistent with the data reported in a prior study using MCBY wéten
examining the association between cognitive conditions and APD use and adheugn
analyses indicated that PD patients with cognitive impairment (defineavasy 1 of
the three cognitive disorders) were significantly less likely to usesAEizen with APD
use, they were less likely to have a longer and regular use of APDs, comparéehts pat
without any of the cognitive disorders. Our findings are consistent with thatedpor
prior studies> The lower probability of using and adhering to APDs among patients with
cognitive impairment could be in part because they gained only marginal bdioefit
their APD treatment due to the drugs’ adverse effects on cognition and psydiattrs,
thereby deferring or forgoing APD treatméntThe cognitive and psychiatric side

effects occur most frequently with anticholinergics, followed by MAO-Bhitbrs,
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amantadine, dopaminergic agonists, COMT-inhibitors, and levetdpaThus, if PD
patients have difficulty tolerating the cognitive/psychiatric sidecésfef APDs, it may
be necessary to either decrease or stop the use of APDs, or to use additional
pharmacotherapy to control the psychiatric and cognitive symptoms. (i.e.,

clozapine/quetiapine for psychosis; rivastigmine/donepezil for deméntia).

5.2.7.Comorbid conditions

Our study indicated a significantly inverse association between comorbatitie
APD use and adherence. PD patients wifll comorbidities (vs. those with6
conditions) were significantly less likely to use APDs (PRR=0.98). Whelictestto
APD users, our data further indicated that users withcomorbidities (vs. those with
6 conditions) had a lower probability of having longer duratid&(Q days) of and higher
adherence (MPR).80) to APD therapy. These observations suggest that PD patients
with a higher number of comorbidities may face challenges to use and maintain their
APD therapy. A prior study examining the role of comorbidities (measwyrétCic
counts) found no association between comorbidities and APE isés null finding is

likely due to a small PD sample (n=571) in that study.

5.2.8.Drug burden

Our study sought to determine the independent effect of drug burden (i.e., total
number of drugs used) on APD use and adherence, as no such evidence was available.
The hypothetical concern is that PD patients may skip APD treatment dyealteady
take multiple drugs for other illnesses, because their medication regimeddeadry

complex. Our data showed that such concern does not exist, as PD patients with a higher
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use of drug therapy for comorbid conditions were also more likely to use APDs. Our
finding of a positive association between drug burden and APD use is in parallel to a
study conducted in patients with depression. In this study, an increased use of
antidepressants were significantly associated with an increasetidrsg therapy for

their co-existing comorbidities (including coronary artery disease adgsétipidemia

and diabetes mellitusf? In the analysis of the association of drug burden with two other
measures: duration and adherence, we found that a modest drug burden (13718 vs.
drugs) was positively significantly associated with longer duration of &kREapy (401-

579 days), but no difference was observed for adherence outcome. Our findings suggest
that patients’ drug burden did not negatively influence their duration of and adhtrence

APDs, but rather was associated with a higher probability of using APDs.

5.2.9. Change in APD therapy

Change in APD regimen is common during the course of PD treatment as patients
may not respond well to or tolerate the side effects of the §ftfj€ommon changes in
APD regimen include (1) increasing the dosage of the drugs currently useslit¢B)rs
the currently used drug with a different APD, and (3) augmenting a new APB to t
existed drug regimeH: ®In our study, we focus on switching and augmentation, but not
dose increase due to inability to accurately quantify drug dose with Mediasns data.
The primary intent of measuring regimen change is to understand whether fiyequent
changes could adversely affect patients’ duration and adherence due to treatment
complexity. It is noted that we could not examine this factor in the APD usd siode

there was no APD regimen change among non-APD users.
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Our study showed that change in APD therapy was actually positively (rather tha
negatively) associated with duration of APD therapy. Patients with any chang®
change) were more likely to have longer duration of APD therapy (401-579 Oays).
observation could be explained by the fact that patients who underwent regimegschang
might more frequently visit their physicians for follow-up care, therebynigea higher
likelihood of a long duration of APD use, as compared to patients without such change.
However, despite having a long-duration of APD use, patients with changes in APD
therapy were less likely to have higher adhere (MBRB0) to their medications,
especially for those with multiple changes. Our finding may shed light on the concern
that multiple changes in treatment could introduce a complex medication regimen fo
patients, and thus could worsen patients’ adherence to prescribed medications. However
as our study is a cross-sectional study, we cannot determine the direchien of t
relationship between regimen changes and medication adherence (i.e., wdgthen
change causes poor adherence or vice versa). Future research should sekthecla

direction of this association.

5.2.10.Long-term care (LTC) stay

Our study found that patients with LTC stay were more likely to use APDs
(PRR=1.03 for 1-12 months; PRR=1.01 for 13-19 months), compared to patients without
such stay. This finding is consistent with that in a prior study using MCBS data.
higher probability of APD use among the LTC patients may be because teexete
medication assistance or supervision from medical staff in facilitiesgtireir stay.

With the help of constant medication care from professionals, patients livingdn LT

206



facilities, especially for those with a long stay, are likely to inaelasir duration of
therapy and adherence to APDs. Indeed, our data showed a general ipattie t
patients with longer LTC stay (13-19 months) were more likely to have longeioturat
( 401days) and higher adherence (MPRB0) to APDs, compared to patients with no
LTC stay.

In our analysis of LTC stay in relation to DOT, however, we observed patiehta wit
relatively short LTC stay (1-12 months vs. 0 months) were significantlyikedg to
have duration of therapy longer than 540 days during the 19-month (579 days) study
period (PRR=0.88 for 540-578 days; PRR=0.73 for 579 days). This observation might be
explained by the fact that the majority (80.3 %) of those short-term LTChtsakbiad Part
A covered SNF/hospital events, and thus had a shorter Part D drug observation period
due to the exclusion of the Part A covered days (where Part D drugs weadabia)
from their duration calculation. We attempted to control for the length of PartgD dru
observation period in our models, but refrained from doing so, because it was highly
correlated with “months of life”, and it explained less of the varianceeobtitcomes
(e.g., APD use). However, the lack of control for Part D drug observation periatl coul

lead to biased estimation in analyses that involved DOT.

5.3. Aim 3
In this aim, we investigated the association between healthcaretiatiliaad
expenditures and each of the three main APD use measures (any use, duration, and

adherence), controlling for the healthy-user effect (i.e., use of preventweesgr self-
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selection bias, and potential confounding in the regression models. We detail the major

findings and discuss their implications for each APD use measure as follows.

5.3.1. Association of APD use with healthcare utilization and expenditures

This study reported mixed and unexpected findings regarding the associaieb of
use with healthcare utilization and expenditures. Overall, the associatiam patteD-
only healthcare utilization was very different from that for all-causeglith PD-
related-comorbidities healthcare utilization. As well, the association Df #ge with
expenditures somewhat differed across the four expenditure categoae@ot A, Part
B, and Part D). We discuss the results by disease-specific utilization @stclmtowed

by expenditure outcomes.

(1) PD-only healthcare utilization

APD use (both dichotomous and categorical) was significantly associiitea w
higher rate of PD-only utilization for all five services (hospital, ERt R&SNF, HHA,
and physician care). This finding, opposite of what we expected, may be due to
confounding by PD severity; that is, patients with more severe PD symptanisoge
with less severe symptoms) tended to use APDs, and had higher healthcateutiioz
PD. Clinically, the initiation of APD use mainly depends on the severity of PD
symptoms, rather the diagnosis of PIThus, in our sample, it is likely that patients
without APDs might have had mild symptoms, whereas patients with APDs prdizably
moderate-to-severe symptoms. These APD users with relativelyedeesymptoms

also had a higher likelihood of using PD-related healthcare services. Consgguiean
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comparing them to the non-APD users, we observed that APD users had adigbér r
PD-only healthcare utilization.

Although we were unable to measure PD severity in this study, it may be reasonabl
to assume that PD patients with LTC stay(s) tend to have more severe mgitmrsgm
compared to patients without such stay. This assumption is based on the premise that the
need for long-term care services mainly arises from functional disabthat may result
from a longer duration of PD. If this assumption were correct, we would expaéthé
effect of confounding by PD severity become greater among the LTC pafedtthus a
greater magnitude of positive association between APD use and PD-onlyiatilizat
would be observed among this group.

To test this hypothesis, vatratified our PD sample into “LTC patients (n=4,160)"
and “community patients (n=4,598)" and examined whether association between APD
use and PD-only healthcare utilization (i.e., hospitalizations/ER Wisi#s/
episodes/physician visits) differed between these two groups. The resultsehdnzea
stronger significant, positive association (assessed by relative ratay&R)bserved in
all four PD-only services among those patients who had experienced LTC stays,
compared to the community patients (Appendix H: Table H.1). This observation supports
our earlier assumption that PD severity may confound our findings for PD-only
utilization outcomes, and the effect of this confounding may be greater amongGhe LT
patients, compared to community patients. Thus, interpreting the findings ¥osi
association between APD use and PD-only utilization in our PD sample should be
cautious. Our finding of a higher rate of PD-only healthcare utilization D Aders

could be because of their greater likelihood of having severe symptoms, not because of
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the use of APDs. Future studies with detailed information on PD severity alednee

re-examine the association between APD use and PD-only healthcardaniliza

(2) All-cause and PD-related-comorbidities healthcare utilization

We observed that APD use (both dichotomous and categorical) was significantly
associated with lower rates of physician visits (all-cause) and HH&Adps (PD-related-
comorbidities). Our finding of APD use with fewer all-cause physician vdstselled a
common misconception that drug use requires more frequent routine doctor visits. For
hospitalizations and Part A SNF episodes (both all-cause and PD-abatedbidities),
however, conflicting data were observed between dichotomous and categoricak&PD
The dichotomous APD use detected no association for both types of hospitalizations and
a significantly positive association for both types of Part A SNF episQaesersely,
the categorical APD use revealed a non-linear relationship. The interosers (those
with 18 or fewer 30-day standardized APD prescriptions) had higher rates of
hospitalizations and Part A SNF episodes for all cause and PD-relatedbatities,
whereas the continuous users (those with19 or more 30-day standardized APD
prescriptions) had lower rates of both hospitalizations and Part A SNF episodes
compared to patients with no APDs.

This inconsistent finding between the categorical and dichotomous measure of APD
use highlights the potential problem of dichotomizing patients into users and non-users.
As intermittent APD users might have increased hospitalizations and Balf
episodes, grouping them with the continuous APD users together into one group would

likely mask or dilute the benefit of using APD treatment in comparison to no use. Thus,
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we suggest that using categorical APD use, rather than dichotomous APCaydee m
preferable for characterizing its non-linear association withaalse and PD-related
comorbidities utilization outcomes, especially hospitalizations and PadAepisodes.

Our findings of continuous APD users (i.e., those witB standardized APD
prescriptions), as opposed to intermittent users (i.e., those B, with a lower rate of
hospitalizations and Part A SNF episodes for all cause and PD-relatembties may
be in part because the continuous users tended to have a greater use of drugotherapy f
their comorbid conditions than do the intermittent users. This positive association
between a higher probability of APD use and higher number of drugs for comsrbidie
have been confirmed earlier in our Aim 2. In addition, it remained a concern whether the
association of APD use with all-cause and PD-related comorbiditiesatithavas also
confounded by PD severity, a type of confounding observed for PD-only utilization.
However, our stratified analyses for all-cause and PD-related catit@®butilization
outcomes did not detect substantial differences between patients with and witBout LT
stay (Appendix H: Tables H.1). This suggests that the association of APD usé-with a
cause and PD-related-comorbidities healthcare utilization may not barsiddist
confounded by PD severity. Therefore, our findings suggest that PD patients could
benefit from lower rates of all-cause and PD-related-comorbidities hlagitons and
Part A SNF episodes by using an extended number of APDs (i.e., 19 or more 30-day

standardized APD prescriptions).
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(3) Healthcare expenditures

This study demonstrated that APD use (both dichotomous and categorical) was
significantly associated with decreased Part A expenditures andsedrBart D
expenditures, although no significant difference was observed for Part B @nd tot
expenditures. The non-significant difference in total expenditures could bénexipley
the fact that the significant reduction in Part A expenditures for APD usersfisasby
their higher Part D drug expenditures. We further condymstihocanalysis to assess
the effect of PD severity on our expenditure findings by using LTC statupraxy of
PD severity. Th@ost hocanalysis revealed consistent findings between patients with and
without LTC stay, suggesting that the association between APD use and eacfoof the
expenditures (total, Parts A, B, and D) may not be affected by PD sevqigr(dix H:
Table H.2). Overall, our study suggests that use of APDs is associatedeaiitr g
saving for expensive Part A services (including hospital inpatient/outpedidfit HHA,
and hospice care). It is expected that reduced Part A services from APQuldstucther
generate economic savings for caregivers (e.g., save in travel &itiegwtime at

hospitals ) and increase quality of life for both patients as well as #reigigers* 4

5.3.2. Association of duration of therapy with healthcare utilization and expenditures
This study is the first to examine whether and to what extent duration of APD
therapy is associated with patients’ healthcare utilization. Our data dieatedshat
compared to patients with short DOT400 days), PD patients with longer DOT, notably
those with long (540-578 days) and maximum DOT (579 days), had significantly lower

rates of all-cause hospitalizations, ER visits, Part A SNF episodes, ahepisbdes.
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Meanwhile, physician-visit rates were similar between the long/mariOT and the

short DOT users, although the rate was slightly higher in the medium DOT users
(RR=1.05 vs. short DOT). Our finding suggests that a longer use of APDs shows benefits
in reducing unnecessary utilization of acute (i.e., hospitalizations and Ef} sisd

chronic services (i.e., Part A SNF and HHA episodes) for any cause, mduleing no

or minor increase in routine physician visits. As well, the longer-duration APB (iser

540 days vs. 400 days) had significantly reduced rates of PD-only utilization for two
services (hospital and Part A SNF care) and PD-related-comorbiditization for three
services (hospital, ER, and Part A SNF care).

This study is also the first to examine duration of APD use in relation to
healthcare expenditures. Our data demonstrated that patients with APD use foys540 da
or more (vs. 400 days) had significantly decreased total, Part A and Part B
expenditures, although increased Part D expenditures. The increase in Part D
expenditures for these long-term APD users was largely offset byedeiced Part A
and Part B expenditures, resulting in total expenditures that were sigtyficaver than
those of short-duration APD users400 days)We did not observe a similar pattern
among patients with a medium DOT (401-539 days). Our findings suggest that when
APD treatment is necessary for PD patients to control their symptoms, BDgfAr an
extended period (in our study, 540 days or longer over the 579-day follow-up period)
could potentially reduce their utilization of acute and chronic care, thus gegerati

significant total medical savings.
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5.3.3. Association of adherence to APDs with healthcare utilization and expenditures

Compared to patients with low adherence (MRR/9), patients with high
(MPR=0.90-0.99) or optimal (MPR=1.00) adherence to APDs , had significantly lower
rates of all-cause utilization for five services (hospital, ER, Part A $¥A, and
physician care), PD-only utilization for three services (hospital, ER, anicdAFSNF),
and PD-related comorbidities for all the five servi€s.the other hand, when
comparing the moderate adherers (MPR=0.80-0.89) versus the low adherers (MPR
0.79), utilization rate was significantly lower for only few servicesdallse physician
visits, PD ER visits, and PD-related-comorbidities ER visits and phgsicsés). These
results suggest that a threshold of MPB.90 may be sufficient for reducing all-cause,
PD-only, and PD-related-comorbidites healthcare utilization in the Medizant D
enrollees with PD.

To our knowledge, only one study has investigated association between APD
adherence and healthcare utilizattéiThis study of managed care enrolees with PD
found that the adherers (defined as MBR) had lower numbers of all-cause
hospitalizations and office visits, although had no difference for ER visits an@days
nursing home care, compared to the non-adherers (MPR<0.8). Nevertheless, these
utilization data were descriptive only and were not adjusted for any possible contpundin
variables. Our study accounted for a wide range of confounders and therefore our
estimates are less prone to confounding bias. Our finding suggests thatyegkilag
APDs may help not only prevent admissions to acute and chronic care, but alseedecrea

routine physician visits.
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As well, the higher adherers (i.e., MPB.90) had significantly decreased total, Part
A and Part B expenditures, although increased Part D expenditures. Despitecthgeinc
in Part D expenditures among the higher adherers, this amount was largelyyofifest b
reduced Part A and Part B expenditures, resulting in total expenditures that were
significantly lower than those of low-adherence APD users. Our finding®asestent
with data reported previously in a managed care Parkinson’s popuiasioggesting that
using APDs regularly could potentially reduce expenditures for Part A ah@ Bare,

thus generating significant total medical savings.

5.4. Limitations
This study is subject to several limitations that should be acknowledged and

addressed in future research:
(1) Limitation of cross-sectional study design

The retrospective cross-sectional design in our study provides us with evidence on
association, but not causal relationship between APD use and adherence and healthcare
utilization and expenditure outcomes. This limitation is mainly because bothatiedic
use and healthcare utilization outcomes are measured during the same period,
subsequently leading to temporal bias—no indication of whether medication use occurred
before or after the utilization of health services.

Although our cross-sectional design limits our ability to draw causation between
improved adherence and reduced healthcare utilization and expenditures, the likelihood
of such causation is increased as a result of controlling for several potersiés (@ay.,

healthy-user effect), as well as confounders (e.g., long-term cajeMtagover, from
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clinical perspectives, adherence mechanisms may work through two posdillaysato
influence all-cause healthcare utilization and expenditures. First, impaohedence to

APDs alleviates the symptoms and prevents the exacerbation of PD. The second possible
pathway is that patients with improved adherence to APDs may adhere to drpyg thera

for their other chronic conditions. This ‘healthy behavior’ effect, mamiteas cross-

over adherence from one therapeutic class as a predictor of improved adhethee
therapeutic classes used for other comorbidities has been demonstrated te sapdies
focusing on osteoporosis and depressed pati&nt&® In conclusion, our study

demonstrated a strong association between improved adherence and reduced
utilization/expenditures that requires a further reexamination using audimgit data

approach.

(2) Lack of disease severity measure

A major limitation of this study is that we are unable to directly meaddirseRerity
and symptoms, and duration of PD disease, drawbacks commonly seen in studies using
administrative claims dafd” **®Lack of information on PD severity might have affected
our ability to detect the association of using APDs with outcomes. This is because th
initiation of APD use mainly depends on severity of PD symptoms, rather diagnosis of
PD % patients with APD diagnosis do not require APD treatment unless their motor
symptoms become pronounced and interfere with daily life. Thus, in our study sample, it
is likely that patients not using APDs might have had mild symptoms, wheaBasts
using APDs probably had moderate-to-severe symptoms. The fact that PiDy sgever

unequally distributed between APD users and non-users inevitably leads to bias in
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interpreting the association between APD use and outcomes, especiallyyPD-onl
healthcare utilization.

We also concerned whether the absence of PD severity might affect the
interpretations of association of APD duration and adherence with utilizattbn a
expenditure outcomes. We further conducted additiposi hocanalyses by using LTC
status as a proxy of PD severity, stratifying our PD sample into LTC and mon-LT
patients, and examining whether the association of APD duration and adhertnce wi
outcomes differed between these two subgroupspdbkehocanalyses showed similar
patterns of associations for most of the utilization outcomes related sua#,d>D-only ,
and PD-related comorbidities, as well as expenditure outcomes betweerspatient
and without LTC stay (Appendix I: Tables I.1-1.2; Appendix J: Table J.1-J.2). This
suggests that PD severity may not substantially affect our findings regéndin

association of APD duration and adherence with outcomes.

(3) Limited years of CCW data

This study uses only 2 years of CCW data and this prevents us from diffengntiati
new and prevalent PD cases, as well as new and existing APD users in our study. The
inability to make such distinction may result in biased estimates of pregalépatients
without drug use. However, we expect that the impact on the estimates of noasAPD
from incident cases is subtle because only a small number (n=88) of our study sample
was expected as new cases who were diagnosed with PD in 2006 and continued to carry
this disease in 2007. The number of 88 incident cases was generated by the annual

incident rate of PD (0.1%) multiplied by the total number of PD sample (8,758).
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(4) Challenge of identifying true PD cases

The challenge of appropriately identifying patients with PD through
administrative claims data should be also noted. The diagnosis [@éiPieis
challenging and the sensitivity and specificity of PD diagnosis may ygohysician
practice patterns. We do not have autopsy or neuroimaging data to validate whether
patients are truly diagnosed with PD. As noted in the literature, PD commonligtsoex
with other disease that can also contribute to physical function decline as well as
cognitive impairment. The common comorbidities include Lewy body dementia,
Alzheimer’s disease with Parkinson, and restless leg syndtohweprevent including
false-positive PD cases in our study sample, we used a very conservatitedef
PD, which requires each patient to have one or more claim coded with 332.0 in both 2006
and 2007. Thus, we have minimized the likelihood of having misclassified non-PD as PD
causes. In addition, we conducted a sensitivity analysis by excluding patiéma
history of dementia and/or Alzheimer’s disease from the overall samplaidefsthe
sensitivity analyses did not substantially differ from that reporteldeoverall sample
(including with and without the disease history). This suggests that PD patigné w
history of dementia and/or Alzheimer’s in the Medicare claims data akelynialse-

positive cases, and including them in our study sample did not affect our results.

(5) Unmeasured confounders
We were unable to examine and control for other potential factors related to

medication use and adherence, as well as utilization/expenditure outcosteshé&iie is

218



no information on providers’ characteristics, patients’ detailed chardict®(s.g.,
education and income levels, and patients’ beliefs on APD use), and charastefistic
Part D drug plans (e.g., generosity and formulary restrictions). Thus, we calenaatr

the possibility that these unobserved factors may not be distributed equallyrbéfAlee
use/adherence groups being compared, thus affecting our findings. As well, we were
unable to detect whether patients received Deep Brain Stimulation (DBS)ysiuoge
Medicare claims data, as Medicare does not cover this procedure and it wouldmot be i
the claims files. A randomized clinical trial has showed that patients whogonD&S
surgery have a substantial reduction in the use of APDs because of improved
symptoms:* Thus, it is possible that some PD patients in our study who were not using
or non-adherent to APDs had undergone DBS surgery, rather than had poor oredicati
taking behaviors. Additionally, there is no direct measure of dosing freqaedcy
patients’ response and tolerance to APDs. These factors likely affiecttpaddherence

to APDs. However, we controlled for a number of changes in APD therapy (i.e.,
switching and augmentation) in our models, and we believe this may partlynexpla
patients’ response and tolerance to APD. No direct measures of cognitiverfumnete
available, but we captured this by measuring the presence of three codjsibincers:
dementia, Alzheimer’s disease, and psychosis. As these three diseasesnaia the
causes of cognitive deficits in the elderly, this adjustment should be sufffitie

controlling the potential effect of cognitive impairment on our outcomes.
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(6) Lack of consideration of Part D Medication Therapy Management and benefit design

We were unable to detect whether patients in our study received MedicationyTherap
Management (MTM) during the observational period of this study. Patients with MTMs
relative to those without, might have better adherence to APDs because pharmacis
closely monitor patients’ prescription use. On the other hand, those with MTM service
tend to be in poor health with a higher use of healthcare resources. This is beeause t
target population for MTM services is those with the following 3 criteria: (@)iphe
chronic conditions, (2) multiple drug uses, and (3) part D drug spending exceeding a
certain threshold (e.g., $4000 in 2007), according to the Medicare Modernization Act of
2003° Therefore, as MTM recipients tended to have better medication adherence and
higher healthcare utilization, the lack of such a variable may well hdve ke “positive”
association, a direction that is nevertheless not observed in our study, between APD
adherence and outcomes.

As well, we did not consider the effect of Part D benefit design on our APD
use/adherence, because half of our sample who received low-income subsidies (LIS
were not subject to such benefit limit. Non-LIS patients would face 4 differenfitbene
phases based on their total drug spending:(1) up to $250 (in 2006), deductible phase,
(2)$251 to $2,250, initial benefit limit, (3) $2,251 to $ 5,100, drug coverage gap, and (4)
over $5,100, catastrophic coverage. During the initial phase, beneficiaries grégim c
proportion (25%) of their drug costs, but may pay 100% when reaching the coverage gap,
and then return to the copayment in the catastrophic coveraggidies have showed
that compared to beneficiaries without a coverage gap, those facingpthavgalower

adherencé>* **3put higher comorbidities and greater healthcare services utilization (i.e.,
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ER, inpatient, and primary and specialty care servicédhus, the lack of control for
benefit phases might have led to an overestimation of the inverse associatieenbetw
APD adherence and healthcare utilization observed in our study. Furtherli@asearc

needed to reexamine the relationship by taking into account the effect of blesajit

(7) APD use and adherence measurement

We were not able to measure drugs dispensed through other insurance plans (e.qg.,
spouses’ plans) or drugs dispensed during Medicare-covered Part A hospital and SNF
stay due to the unavailability of Part D drug data during such stay. We caterotide
whether and to what extent PD patients were prescribed APDs during thelr $dF
stay, as the prescribing of APDs mainly depends on PD symptoms (informadiea is
unavailable in the claims files). Nevertheless, there is a concern thatadynsght have
underestimated APD use and adherence among patients with Part A SNJ sisy/(
noted earlier in Aim 1 analysis, we compared PD patients with and without BAFA
stay, and detected no differences in the percentage of APD users (88.4% and 87.9%,
respectively) and adherence (mean MPR= 0.86 and 0.88, respectively) betweemdhese t
groups. This observation suggests that our estimates of APD use and adherigely are
unaffected by patient’'s Part A SNF status.

In addition, for this study, we measured medication use and adherence based on
prescription claims data, and these data do not permit us to know whether patients
actually took their medications. Consequently, we may have under- or over-edtimat

APD adherence; however, we have no evidence of this.
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5.5.Strengths

There are several strengths of this study. This is among the first dled@#ing the
prevalence of APD use, duration, and adherence among Medicare Part D emhiee
Parkinson’s disease during the first two years of Part D implementatiortichddly,
this is the first study that demonstrates that healthcare utilization peddtures could
be reduced if PD patients use APDs persistently and regularly. We examubz a
spectrum of healthcare services, from routine physician care, acute cpialirations
and ER visits), to chronic care (Part A SNF and HHA episodes). Each sergice wa
assessed in terms of all cause, PD-only, and comorbidities commonly seen iteR{3 pa
(i.e., PD-related-comorbidities). As well, we considered all sourcespehelxture
payment including patients, Medicare, and non-Medicare, and further examined four
categories of expenditures including Total, Part A, Part B, and Part D dvagdstures.
These comprehensive data are expected to assist CMS in planning interverdteggs
to reduce a wide range of unnecessary and preventable healthcare utilization, and to
further generate healthcare cost savings.

One strength of this study is our ability to generalize our findings to theealicsire
Part D enrollees with Parkinson’s diseases through adjusting for the poteniie sa
selection bias using the Heckman correction approach. As well, we accountedder a w
range of confounding effects that could affect the estimates of assodatween APD
use and adherence and outcomes. First, we controlled for potential adheredce bias
healthy behaviors by including the variable of “use of preventive servicesluse”
addition, we controlled for survival bias by including patients who died during the study

period. Finally, we accounted for a number of confounders pointed out in the literature
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but not examined in the previous studies of PD patients. Those confounders include
changes in APD regimen (i.e., occurrences of switching and augmentaganjlogist
visits, and drug burden.

An important contribution of this study is that we took into consideration the length
of LTC stay, a variable that has been omitted in the literature examingliganen use
and adherence in the Medicare population. It is important to adjust for the length of LTC
stay because medication-taking behaviors differ during LTC stay whafespional staff
administer or supervise medication administration, as opposed to non-LTC stay where
patients are responsible for their medication taking. To measure LTC stalgwsloped
an algorithm that combined evidence from Part A SNF claims data and MDSvaessess
data for patients residing in LTC facilities (detailed in Appendix A). Qgorghm of
combing Part A SNF and MDS data also demonstrated a high sensitivity anccgpecifi

of identifying LTC patients, compared to a prior approach (using Part B'dataj

5.6. Policy implications
This study, using a unique representative sample of Medicare Part D envatlee
Parkinson’s disease, demonstrates that a modest percentage (12%) of gdtigwits
use any APDs during June 1, 2006 to December 31, 2007; and around a fourth of APD
users had short duration of and poor adherence to APDs during the first two years of the
Part D implementation. These estimates can serve as a benchmark fatireyahe
changes in APD use and adherence among Medicare Part D enrolleeB witth@

subsequent years of Part D program.
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In addition, our study reveals that PD patients with cognitive impairment (tuse
had evidence of Alzheimer’s disease, dementia, or psychosis) and with a higher numbe
of comorbidities (i.e., 11 or more) are less likely to use APDs; and even wittus&D
they are less likely to possess APDs persistently and regularly. @ttersfassociated
with not using APDs included LIS status and not having neurologist visits; factors
associated with poorer adherence to APDs included older &j8,(non-white
ethnicity, and having changes in APD therapy. Our findings suggest that inkemgent
may target patients with these characteristics, especially thdseoghitive disorders
or multiple comorbidities, to enhance their APD use and adherence.

Lastly, our study shows an expected, consistent pattern of association wittiotiliz
and expenditure outcomes for two APD use measures: duration of and adherence to
APDs. Longer duration (540 days vs. short duratior400 days) and higher adherence
( 0.90 vs. low adherence,0.79) are significantly associated with a reduced rate of all-
cause utilization for acute (hospital and ER) and chronic (Part A SNF and s$#idAges,
as well as for routine office-base physician care (only for adhereresuneg. Similar
patterns are found with PD-only and PD-related-comorbidities for hospital, ERaaind
A SNF care, with a lower rate in longer-duration users and in higher adheravsllAs
patients with longer duration and with higher adherence have significantly totak
Part A, and Part B expenditures, although higher Part D expenditures. This observati
suggests that significant reduction in healthcare utilization and expendituréseoul
achieved by improved duration of use and adherence to APDs. Our results reldorce t
importance of improving medication duration and adherence to APDs among Parkinson’s

patients. In addition, these findings may provide useful information for insuramers

224



(e.g., CMS) who pay for health care for PD patients, as they continue to lookytava

reduce medical care costs.

5.7. Future research

We highlight two key areas for future research regarding medication use among
patients with PD. First, it is important to clarify a potential caudatiomship between
medication use and outcomes with studies using longitudinal design and data (i.e., at
least three years). In such design, APD use and adherence are quantfigchatrents
who never experience utilization events (e.g., hospitalizations), and they avestbll
until the first encounter of event, end of the follow-up period, or death. This type of
study design gives a clear temporal relationship between drug exposurecmdes,ta
strong criterion for suggesting potential causal inference. With the longitudiaakts
another research area with a great potential is to compare the effectvedidesent
classes of APDs over time with regard to medication adherence andgmeesisthis
information may benefit both health care professionals and patients while imformi

them about optimal therapies available for treating PD.
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6. APPENDICES

Appendix A: Measurement of long-term care stay using MDS and Medicare Part A SNF
data

We ascertained days in which patients stayed in long-term care (LT{@)efacising

both MDS and Medicare Part A SNF data for 2006 and 2007. In the following section,
we detailed the procedures for determining the length of LTC stay in easktdata
development of our LTC algorithm, and validation of our LTC algorithm (i.e., combined
evidence from MDS and Part A SNF) with LTC evidence measured from Medhear

B data.

Operationalization of LTC stay using MDS and Medicare Part A SNF data

MDS data: To indicate the beginning date of a MDS episade used different dates

recorded in MDS depending upon the types of assessment. The following detailed the

types of assessments and the dates used for each assessment.

1. Admission assessment: admission date (AB1 variable in MDS file).

2. Annual assessment: the™@ay prior to the R2B variable in MDS file, which was a
date on which Registered Nurse (RN) coordinator signed indicating theetampf
MDS assessments. An annual assessment typically servésdharderly
assessment. To fulfill a quarterly assessment requirement, patieatasgsamed to
stay in facilities for at least 92 days prior to the current MDS assessment

3. Quarterly assessment: the 92th day prior to the R2B variable. To fulfill adyarte
assessment requirement, patients were assumed to stay in LTi$afdlh at least 92

days prior to the current MDS assessment.
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4. Discharge assessment: discharge date (R4 variable in MDS file).

5. Reentry assessment: reentry date (A4A variable in MDS file).

6. Change in Status assessment: assessment reference date (A3A vahtbf:file),
which was the last day of a specific look-back observation period, such as a 14-day
period. Certain MDS items that occurred during the look-back period wereeabsess
and recorded in MDS file.

7. Other assessments (e.g., significant correction): assessneeahoef date (A3A
variable in MDS file)

To identify the end datef a MDS episode, we also used different dates for
different types of assessments.

1. Discharge assessment: discharge date (R4 variable in MDS file)

2. Reentry assessment: reentry date (A4A variable in MDS file).

3. Other assessment: assessment reference date (A3A variable inl®)DS fi

For patients who stayed in LTCFs throughout our study period (6/1/2006-12/31/2007)

without being discharged, we used the end date of the observation period (i.e.,

12/31/2007 or the date of death) as a surrogate for the discharge date.

Part A SNF data: We used admission and discharge dates to indicate any Part A SNF
stay episode that occurred during 2006 and 2007, regardless of whether the episode was
covered or not covered by Medicare Part A. For a patient who was not discharge from
SNFs during his/her SNF stay, we used the end date of the observation period (i.e.,
12/31/2007 or the date of death) as the surrogate for the discharge date. Aftenndentify

the beginning and end date of each Part A SNF episode in our PD sample, we dalculate
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the total number of SNF days at the monthly level as well as the patienbyevel

summing all Part A SNF days across episodes.

Algorithm combined with MDS- and Part A SNF-evidence

Our algorithm for identifying LTC patients was developed by combining evidenice

both MDS and Part A SNF claims. Patient were identified as LTC patightsyihad

one or more days in which they stayed in LTC settings based on their MDS records or
Part A SNF claims during the study period (6/1/2006-12/31/2007). The following figure
represents how a patient’s LTC stay was measured from MDS and Part dagi\F

Based on the beginning and end dates, the patient had two LTC episodes: the first one
started on 6/1/2006 and ended on 1/1/2007 (7 months) and the second episode started on
7/1/2007 and ended on 12/31/2007 (6 months). The overall length of LTC stay for this

patient was 13 months.

' N ' I
| | | | | | I
| ! | | | | |
6/1/06’ 10/2/06° 1/1/07°  4/1/07 7/1/07 10/2/07"  12/31/07
Admission Discharge Admission Discharge

Validation of the MDS-/Part A SNF-evidence algorithm
To validate the ability of our LTC algorithm to identify LTC patiemnts atay, we
compared our LTC algorithm with the LTC evidence measured from the Medieat B
data. Previous studies used Medicare Part B claims data to identify ltieGtpdased
on the assumption that nursing residents must be seen by a physician at leastrgnce eve

30 days for the first 90 days after admission, and at least every 60 days¢h&teaf
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Most of those studies used CPT codes and POS codes (shown in the following table) to
identify LTC patients from Part B data. In our study, we used similar coddsritity

those with Part B evidence. It is noted that the Part B data may not capture the whol
length of LTC stay for patients, especially those with a LTC stay of 90ataysre.

This is because LTC facilities are not required to have their residentbysteir

contracted primary physicians every month after patients stay for heor®0 days.

Without being seen by primary physicians during certain months, LTC patamnistde

identified as true LTC cases in those months by using Medicare Part B data only

CPT and Place of Service (POS) codes for nursiciitiaservices

CPT codes Services provided to nursing facility igdents
99304 -99306 initial nursing facility visits

99307-99310 subsequent nursing facility visits
99315-99316 discharge service

POS codes

31 Skilled nursing facilities

32 Nursing facilities

54 Intermediate Care Facility/Mentally Retarded
56 Psychiatric Residential Treatment Center

We tested the agreement between MDS/Part A SNF evidence and Paleice\at the
patient-level and the patient-month level among 8,758 beneficiaries. The cammpari
results showed that our algorithm identified 94.0% (3,946/4,199) of LTC patients using
Medicare Part B (Table A). At the patient-month level, the MDS/PaiiR &gorithm

also identified 90.8% (39,555/43,579) of the person months from the Part B data (Table
B). Taken together, the algorithm combined with MDS and Part A SNF evidence i

capable of identifying LTC patients as well as the length of LTC days.

Table A (at patient level) Table B (at patient-month level)
Part B evidence Part B evidence
MDS/SNF Yes No MDS/SNF Yes No
Yes 3,946 215 4,161 Yes 39,555 10,311 49,866
No 253 4,344 4,597 No 4,021 0 4,021
4,199 4,559 8,758 43,576 10,311 53,887

229



Appendix B.1: Examples of simplistic form of MPR calculation

Figure B.1.1shows that a PD patient without any Part A hospital or SNF days used a
single APD class (Rx A) as monotherapy during 2007. In this period, he was trégated w
a prescription of Rx A for a 365-day period from 1/1/2007 (first date of the Rx A) to
12/31/2007 (last date of Rx A plus 90 days supply). In this 365-day treatment period, he
filled the prescription of Rx A three times and each time was a 90-day suppt, whi
indicated that he possessed a total of 270 days’ supply. Accordingly, his MPR for the
prescriptions for Rx A was 0.74, calculated as 270 days (sum of days supply) divided by

365 days (duration of therapy).

Figure B.1.1: Medication Fill Pattern
1 class of APDs vsed as Monotherapy
Re A |
50 days supply
| Rx &
90 days supply A
30 day= supply
|
3e5days
I | | | | | | I | I |
1-lan-0F7 1-Feb 1-Mar 1-Apr 1-May 1-Jun 1-Jui 1-AUg 1-5ep 1-0ct 1-Hov 1-Dec  31-Dec-07

MPE = Sum of days supply of APDs / days between the first and the
last fill phos the davs supply of the last fill

MPFE = (90=90+90)/365=0.74

Figure B.1.2shows that a patient had a 30-day hospitalization/SNF covered by Medicare
during his 365-day treatment period with Rx A during 2007. For this case, the 30
Medicare-covered hospital days were excluded from the treatment period Hedaickt

of drug data during this period. Thus, his adherence to prescriptions for Rx A was
calculated as an MPR of 0.81 (270/335 days).
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Figure B.1.2: Medication Fill Pattern
Monaotherapy with hospilal days
RxA |
20 days supply
| Rx A |
90 days supply Rx A
80 days supply
365-30='335ays
(exclude hospital days)
| | | | | | | |
1-lan-07  1-Feb 1-har 1-Apt 1-May 1-Jun 1-JJ 1-Aug 1-5e0 1-0ct 1-Hov 1-Dec  31-Decd7

MPR = Sum of days supply of APDs ! davs between the first and the
la= fill phus the days supply of the Last fill

| MPR = (90:90+90)/335= 0.81 |

Figure B.1.3shows that a patient had a 30-day supply beyond the end of the study period
(12/31/2007). In this case, the 30 days’ supply beyond 12-31-2007 was excluded from the
numerator of MPR, resulting in a 240-day supply. His adherence to the prescriptions for

Rx A was calculated as an MPR of 0.66 (240/365 days).

Figure B.1.3: Medication Fill Pattern
Monotherapy with days supply beyond 12/31/2007
Rx A "
30 days supply - mmﬁiﬂfﬂ E.Eljz boo7)
90 days supply | Rx A
90 days supplyl
365 days
| T 1 _ |
1-lan07  1Feb -whar -Apr -hay -Jun -Jul 1-Aug 1-5ep 1-0ct -Hov 10ec  JN-Dec-d7

MPR = Sum of days supply of APDs ( days between the first and the
last fill plus the days supply of the lasi fill

MPR = (904 90+-60)/ 365= 0.66
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Figure B.1.4shows a PD patient who had a 60-day supply carried over from a 90-day
prescription for Rx A filled prior to 6/1/2006. In this case, these 60 carry-over dags w
included and counted toward the numerator of the MPR, resulting in a total of 330 days’

supply. His MPR for prescriptions for Rx A was 0.42 (330/579).

Figure B.1.4: Medication Fill Pattern (Monotherapy )
Monctherapy with carry-over days from 6/1/2006

R A

30 days suppl

0 days supply - |

iinclude 60 cays supply 30 aovs suool
earried over from a APD Vs SLpply Rx A

filled prior to &1/ 2d6) 90 days supply T o

90 days supply
T
579 daws
{ prescription interval starts from 6/1/2008)
1-Jun-24 1-Apr 1-May T-Jun 1=l 1-Aug 1-5ep 1-0ct 1-Hov 1-Dec  31-Dec-i7

MPR = Sum of days supply of APDs / davs between the first and the
last fill plus the days supply of the last fill

MPR = (690004 50y 579=0.42
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Appendix B.2 Examples of weighted-average MPR calculation

Figure B.2.1shows a PD patient who had prescriptions for two classes of drugs (Classes
1 including Rx A and Rx B, and Class 2 including Rx C). Each drug class was used as
monotherapy. MPR for Class 1 and 2 was 0.74 and 0.98, respectively. The weighting
factor for Class 1 was 0.666 [243 days/ (243 days +122 days)]; the weighting factor fo
Class 2 was 0.334 [122 days / (243 days +122 days)]. The drug-class MPR was then
weighted by multiplying its weighting factor: 0.49 (=0.74 x 0.666) for Class 1 and 0.33
(=0.98 x 0.334) for Class 2. A weighted-average MPR of 0.82 was then obtained by

summing the weighted MPRs of Class 1 (0.49) and Class 2 (0.33).

Figure B.2.1: Medication Fill Pattern
2 classes of APDs used as Monotherapy w/o overlap

Rx A lclassl] |

50 days supply ' R B [class1

T ke
243 days 60 days supply
&0 days supply |
T
122 days
| | | | | | | | |
1-Jan-07 1-Feb 1-Mar 1-Apr 1-May T-=Jur T-Ju 1-Aug 1-Zep 1-Cct 1-How T-Dec 3-Dec

MPR = Sum of days supply of APDs/ days between the first and the last fill
plus the days supply of the last fill

MPR of class 1= (90+90¥243 = 0.74
MPR of class 2 =(60+60)122= 0.98
Weighted Average MPR= (0.74 * 243 + 0.98% 112)/(243+122)=0.82

Figure B.2.2shows a PD patient who had the same drug pattern as that described for the
case in Figure B.2.1. However, he had a Class 1 drug that overlapped wags& @rug.
We followed the same procedures described earlier in Figure 3 and theateal¢hé

weighted-average MPR for this patient as 0.79.
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Figure B.2.2: Medication Fill Pattern
2 classes of APDs vsed as monotherapy with overlap
R A fckass1 | |

50 days supply RxB [classl | |
............................................... . _ SOdayssupply |

s0doyssupply [

. &0 days supply

138 days
1-Jan07  1Feb 1-Mar 1-Apr  1-May T1-dun T=dul 1-AL0 1-3e0 140Gt 1-Hay 1-0ec  31-DecdF

MPR = Sum of days supply of APDs / days batwaen the first and the last
fill plus the days supply of the last fill

MPR of class 1= (9+90§243 =074
MPR of class 2 ={60+60)138= 0.87
Weighted Average MPR= (0,74 # 243+ 0.87* 138V 243+138=0.70

Figure B.2.3shows a PD patient who concurrently used drugs in two classes in a way
that drugs in Classl1 and Class 2 overlapped almost throughout 2007. The weighted-

average MPR for these two classes was 1.03.

Figure B.2.3: Medication Fill Pattern
2 classes of APDs used as combination therapy
R A lclassl ) | Ri A lclassl ) R B lclassl | | ' rT— |
90 days supply 20 days supply 90 days supply IS
30 days supply |
f
350days
&0 d }

. ays sUppiy 90 days supply 90 days supply 90 days supply .

T

319 days
| | | | | | |
1-Jam-07  1-Feb 1-Mar 1-Apr 1-May 1-Jun 1-Ju 1-Aug 1-5ep 1-0at 1-How 1-Dec 31-Dec-07

fill plus the days supply of the last fill

MPR of class 1= (00£004+90490)350= 1,03
MPR of class 2 =(60£00490490)319= 1.03
Weighted Average MPR= (103 # 350+ LO3* 319)/ (3504-319= 1.03

‘ MPR = Sum of days supply of APDs / days batwean the first and the last
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Figure B.2.4shows a PD patient who had a mixed thewith drugs in three differer
classes (denoted as Class 1, 2, and 3) during 20@7is period, he received tv
combination therapies: one is treatmwith bothRx A and Rx C, and the other

treatment wittboth Rx D and Rx C. The weighi-average MPRor this casewas 0.99.

IVIIATU HHIISTIuVY

MPR = Sum of days supply of APDs/ days between the first and the last fill plus |
the days supply of the last fill |
MPR of class 1= (90y90= 1
MPR of class 2=(60+90+90+90y334= 0.99
MPR of class 3=(90y9%=1
Weighted Average MPR= (1 * 90 + 0,99* 334+ 1#90)/(90+334+90)= 0,99
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Appendix C: ICD-9 Codes for comorbidities commonly seen in PD paff@rits

94, 158-160

O

Domains Symptoms ICD-9-codes Diseases
Neuropsychological | Depression 296.2 Major depressive disorder, single episode
symptoms 296.3 Major depressive disorder , recurrent episode
300.4 Dysthymic disorder
309.1 Prolonged depressive reaction
311 Depressive disorder, not elsewhere classified
Psychosis 298.0 Depressive type psychosis
298.1 Excitative type psychosis
298.4 Psychogenic paranoid psychosis
298.8 Other and unspecified reactive psychosis
298.9 Unspecified psychosis
293.81 Psychotic disorder with delusions in caadg
classified elsewhere
293.82 Psychotic disorder with hallucinations imditions
classified elsewhere
368.16 Psychophysical visual disturbances
780.1 Hallucinations
297.1 Delusional disorder
Alzheimer’'s 331.0 Alzheimer's disease
290 (exclude| Dementias
290.8 &
290.9)
294 (exclude| Persistent mental disorders due to conditions
. 294.9) classified elsewhere
Dementia 3311 Frontotemporal dmentia
331.11 Pick's disease
331.19 Other frontoemporal dementia
331.2 Senile degeneration of brain
331.7 Cerebral degeneration in diseases classfgsivhere
797 Senility without mention of psychosis
Impulse control | 312.3 Disorders of impulse contnalt elsewhere classified
Anxiety 300 Anxiety state, unspecified
Sleep dysfunction Sleep disorders780.5 Sleep disturbances
(insomnia, 327.0 Organic disorders of initiating and maintainsleep
excessive [Organic insomnia]
daytime 327.1 Organic disorder of excessive somnolence [Organi
sleepiness, (exclude hypersomnia]
sleep apnea) 327.13)
327.2 Organic sleep apnea
327.4 Organic parasomnia
307.40 Nonorganic sleep disorder, unspecified
307.41 Transient disorder of initiating or maintagsleep
307.42 Persistent disorder of initiating or maiinitag sleep
307.43 Transient disorder of initiating or maintag
wakefulness
307.44 Persistent disorder of initiating or maiimitag
wakefulness
RLS 333.94 Restless legs syndrome (RLS)
Periodic legs 327.51 Periodic limb movement disorder
movement
Autonomic Orthostatic 458.0 orthostatic hypotension
dysfunction hypotension
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Sexual

Psychosexual dysfunction, unspecified

dysfunction 302.7
Urinary 788.2 Retention of urine
dysfunction 788.4 Frequency of urination and polyuria
788.3 Urinary incontinence
788.6 Other abnormality of urination
788.91 Functional urinary incontinence
Hyperhidrosis | 705.21 Primary focal hyperhidrosis
780.8 Generalized hyperhidrosis
Gastrointestinal Constipation 564.0 Constipation
symptoms Hypersalivation| 527.7 Disturbance of salivary sgore
Dysphagia 787.2 Dysphagia
Sensory symptoms Olfactory 781.1 Disturbances of sensation of smell and taste
dysfunctions 352.0 Disorders of olfactory [1st] nerve
Diplopia and 368.2 Diplopia
vision blurring | 368.8 Other specified visual disturbances
Others Fatigue 780.7 Malaise and fatigue
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Appendix D: Number and percentage of patients with healthcare utilization, sitabyi
APD use, duration of APD therapy, and adherence to APDs

Table D.1: Healthcare utilization by APD use

Health utilization (n=8,758)

Hospitalization ER visit SNF episode HHA episode physician visit

APD use n (%) n (%) n (%) n (%) n (%)
All-cause
Yes (n=7,706) 3,975 (51.6) 4,859 (63.1) 2,176 (28.2) 2,303 (29.9) 7,116 (92.3)
No (n=1,052) 497 (47.2) 620 (58.9) 293 (27.9) 252 (24.0) 863 (82.0)
P=0.008 p=0.010 p=0.794 p<0.001 p<0.001
PD-only
Yes (n=7,706) 695 (9.0) 541 (7.0) 735 (9.5) 1162 (15.1) 5,666 (73.5)
No (n=1,052) 27 (2.6) 29 (2.8) 61 (5.8) 72 (6.8) 397 (37.7)
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
PD-related-comorbidities health
Yes (n=7,706) 674 (8.7) 1,194 (15.5) 486 (6.3) 422 (5.5) 4112 (53.4)
No (n=1,052) 89 (8.5) 152 (14.4) 69 (6.6) 71 (6.7) 425 (40.4)
P=0.757 P=0.378 P=0.753 P=0.093 p<0.001

n =#of PD patients; %= row percentage; Chi-squaststwere performed with significance set at P05.0.

Table D.2: Healthcare utilization by duration of APD therapy

Health utilization (n=7,583)

Duration of Hospitalization ER visit SNF episode HHA episode  Physician visit
therapy (days) n (%) n (%) n (%) n (%) n (%)
All-cause

400 (n=1,553) 1,062(68.4) 1,158 (74.6) 688 (44.3) 528 (34.0) 1,391 (89.6)
401 -539 (n=1,908) 1,376 (72.1) 1,488 (78.0) 1,048 (54.9) 726 (38.1) 1,759 (92.2)
540 - 578 (n=2,082) 1,339 (64.3) 1,419 (68.2) 382 (18.4) 729 (35.0) 1,986 (95.4)
579 (n=2,040) 127 (6.2) 710 (34.8) 22 (1.1) 277 (13.6) 1,864 (91.4)

P <0.001 P <0.001 P <0.001 P <0.001 P <0.001

PD-only

400 (n=1,553) 138 (8.9) 117 (7.5) 241 (15.5) 243 (15.7) 973 (62.7)
401 - 539 (n=1,908) 248 (13.0) 168 (8.8) 375 (19.7) 371 (19.4) 1,358 (71.2)
540 - 578 (n=2,082) 265 (12.7) 175 (8.4) 107 (5.1) 363 (17.4) 1,668 (80.1)
579 (n=2,040) 35 (1.7) 79 (3.9) 6 (0.3) 173 (8.5) 1,578 (77.4)

P <0.001 P <0.001 P <0.001 P <0.001 P <0.001

PD-related-comorbidities

400 (n=1,553) 199 (12.8) 328 (21.1) 178 (11.5) 93 (6.0) 778 (50.1)
401 - 539 (n=1,908) 268 (14.1) 410 (24.5) 239 (12.5) 157 (8.2) 1,067 (55.9)
540 - 578 (n=2,082) 177 (8.5) 296 (14.2) 58 (2.3) 113 (5.4) 1,176 (56.5)
579 (n=2,040) 12 (0.6) 134 (6.6) 2(0.1) 50 (2.5) 1,008 (49.4)

P <0.001 P <0.001 P <0.001 P <0.001 P <0.001

n=# of APD users; %= row percentage; Chi-squars t@sre performed with significance set at P < 0.05
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Table D.3: Healthcare utilization by adherence to APDs

Health utilization (n=7,583)

Hospitalization ER visit SNF episode HHA episode Physician visit
Adherence (MPR) n (%) n (%) n (%) n (%) n (%)
All-cause
0.79 (n=2,179) 1,233 (56.6) 1,473 (67.6) 691 (31.7) 824 (37.8) 2,067 (94.9)
0.80-0.89 (n=1,456) 829 (56.7) 957 (65.7) 489 (33.6) 461 (31.7) 1,350 (92.7)
0.90-0.99 (n=2,411) 1,093 (45.3) 1,383 (57.4) 551 (22.9) 595 (24.7) 2,206 (91.5)
1.00 (n=1,537) 752 (48.9) 962 (62.6) 409 (26.6) 380 (24.7) 1,377 (89.6)
P <0.001 P <0.001 P <0.001 P <0.001 P <0.001
PD-only
0.79 (n=2,179) 218 (10.0) 200 (9.2) 234 (10.7) 406 (18.6) 1,759 (80.7)
0.80-0.89 (n=1,456) 162 (11.3) 95 (6.5) 154 (10.6) 241 (16.6) 1,105 (75.9)
0.90-0.99 (n=2,411) 197 (8.2) 147 (6.1) 200 (8.3) 316 (13.1) 1,723 (71.5)
1.00 (n=1,537) 109 (7.1) 97 (6.3) 141 (9.2) 187 (12.2) 990 (64.4)
P <0.001 P <0.001 P <0.001 P <0.001 P <0.001
PD-related-comorbidities
0.79 (n=2,179) 224 (10.3) 404 (18.5) 160 (7.3) 143 (6.6) 1,266 (58.1)
0.80-0.89 (n=1,456) 144 (9.9) 226 (15.5) 107 (7.4) 81 (5.6) 807 (55.4)
0.90-0.99 (n=2,411) 159 (6.6) 298 (12.4) 113 (4.7) 113 (4.7) 1,214 (50.4)
1.00 (n=1,537) 129 (8.4) 240 (15.6) 97 (6.3) 76 (4.9) 742 (48.3)
P <0.001 P <0.001 P <0.001 P <0.001 P <0.001

n=# of APD users; %= row percentage; Chi-squars tesre performed with significance set at P < 0.05
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Appendix E: Adjusted association of APD use with all-cause hospitalizations and total

expenditures among 8,758 PD patients (full models)

All —cause hospitalizations

Total expenditures

Variables RR 95% ClI ME ($) SD
APD use
0 prescriptions (reference) 1.00 0
1-12 prescriptions 1.14 1.06-1.24 829 1187
13-18 prescriptions 0.97 0.90-1.05 -603 1138
19-28 prescriptions 0.90 0.83-0.98% -788 1199
29 prescriptions 0.89 0.82-0.97% 5043 1261t
Age
65 —-74vs. 64 0.89 0.80-0.98% -6146 1742t
75 -84 vs. 64 0.85 0.77-0.94% -9340 1720t
85 +vs. 64 0.78 0.70-0.87% -10021 1832t
Female vs. male 0.93 0.89-0.9871 27 712
Race
Black vs. White 1.06 0.97-1.17 767 1524
Other race vs. White 1.00 0.91-1.10 -362 1461
Region
North Central vs. Northeast 1.07 1.00-1.14 -3668 925t
South vs. Northeast 1.06 0.98-1.15 796 907
West vs. Northeast 1.06 1.00-1.12 3228 1203t
LIS vs. non-LIS 0.98 0.92-1.03 -4837 863t
Early vs. late enrollees 0.97 0.92-1.03 1078 773
Seen by neurologists (yes vs. no) 1.15 1.09-1.21t 5364 808t
Had depression (yes vs. no) 1.10 1.05-1.16t 2312 3t 74
# of cognitive conditions
1vs.0 1.06 0.99-1.13 1938 8061
2-3vs. 0 1.50 1.41-1.601 9290 861t
# of comorbid conditions
7-8 vs. 1-6 2.48 2.19-2.80t 5120 6451
9-10 vs. 1-6 4.24 3.75-4.79% 13250 801t
11-22 vs. 1-6 7.67 6.78-8.67T 31096 1103t
# of drugs for non-PD
8-12 vs. 0-7 0.98 0.90-1.07 4760 7711
13-18 vs. 0-7 1.08 0.99-1.17 9853 884t
19-76 vs. 0-7 1.32 1.21-1.44% 18772 1135t
Long-term care stay
1-12 months vs. 0 month 1.85 1.75-1.961 19617 10617
13-19 months vs. 0 month 0.89 0.83-0.961 7247 982t
# of preventive services use
1vs.0 0.87 0.83-0.92% -884 816
2-3vs. 0 0.75 0.69-0.81ft -4103 1087t
Baseline all-cause
hospitalizations (yes vs. no) 1.22 1.16-1.28% 6596 8607
Survival vs. death in 2067 - - 3809 998t
Inverse Mill's Ratio 0.37 0.27-0.517 -30867 3412t

RR=Rate ratio; Cl=Confidence interval; ME= margieffect; SE= standard error; Baseline=1/1/2006-
5/31/2006;% indicates a statistical significanc@-afalue less than 0.05. Prescriptions were stdimiat to

a 30-day suppl§Survival was measured as the length of months aliekincluded as an offset variable to
account for uneven follow up periods among theysgainple in negative binomial models predicting all

cause hospitalization rate.
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Appendix F: Adjusted association of duration of therapy with all-cause hospitalizations
and total expenditures among 7,583 PD patients wilAPDs (full models)

All —cause hospitalizations

Total expenditures

Variables RR 95% CI ME ($) SD
Duration of APD therapy
Short ( 400 days, reference) 1.00 0
Medium (401-539 days) 0.85 0.80-0.89t 648 1,128
Long (540-578 days) 0.72 0.68-0.761 -7,289 1,117%
Maximum (579 days) 0.08 0.07-0.09% -13,961 2§10
Age
65 — 74 vs. 64 0.86 0.78-0.94% -7,655 1,743t
75 -84 vs. 64 0.84 0.77-0.92% -10,190 1,729t
85 +vs. 64 0.75 0.68-0.83t -11,723 1,838t
Female vs. male 0.94 0.90-0.98v -652 703
Race
Black vs. White 1.03 0.94-1.12 354 1,527
Other race vs. White 1.02 0.93-1.12 976 1,500
Region
North Central vs. Northeast 1.02 0.96-1.08 -3,899 918t
South vs. Northeast 0.99 0.92-1.07 483 902
West vs. Northeast 1.01 0.96-1.07 3,287 1,194%
LIS vs. non-LIS 0.98 0.93-1.04 -4,894 852t
Early vs. late enrollees 1.04 0.99-1.09 2,447 760t
Seen by neurologists (yes vs. no) 1.09 1.03-1.15t ,4054 818t
Had depression (yes vs. no) 1.05 1.00-1.10% 2,153 3117
# of cognitive conditions
1vs.0 1.03 0.97-1.10 1,014 805
2-3vs. 0 1.34 1.26-1.41%t 7,574 861t
# of comorbid conditions
7-8 vs. 1-6 2.06 1.82-2.32% 4,562 687t
9-10 vs. 1-6 3.07 2.73-3.46% 11,269 833t
11-22 vs. 1-6 497 4.41-5.59% 25,255 1,086t
# of drugs for PD & non-PD
8-12 vs. 0-7 1.03 0.95-1.11 7,409 733t
13-18 vs. 0-7 1.11 1.02-1.20% 12,398 856t
19-76 vs. 0-7 1.33 1.23-1.44% 21,209 1,093t
Change in APD therapy
1vs.0 1.00 0.94-1.06 2,516 955t
2-8 vs.0 1.06 0.99-1.14 1,927 1,160
Long-term care stay
1-12 months vs. 0 month 152 1.44-1.61t 16,463 1,051t
13-19 months vs. 0 month 0.87 0.81-0.93t 6,147 81,00
# of preventive services use
1vs.0 0.89 0.85-0.94t -561 803
2-3vs. 0 0.79 0.73-0.85t -3,186 1,067t
Baseline all-cause
hospitalizations (yes vs. no) 1.15 1.09-1.20t 5,402 8497
Survival vs. death in 2007 - - =727 1,091
Inverse Mill's Ratio 0.39 0.29-0.53ft -28,399 3,329t

RR=Rate ratio; Cl=Confidence interval; ME= margieffect; SE= standard error; Baseline=1/1/2006-
5/31/2006;7 indicates a statistical significanc@-afalue less than 0.05. Prescriptions were stdimiat to

a 30-day supply’:Survival was measured as the length of months alikincluded as an offset variable to
account for uneven follow up periods among theysgainple in negative binomial models predicting all

cause hospitalization rate.
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Appendix G: Adjusted association of adherence to APDs with all-cause hospitalizations
and total expenditures among 7,583 PD patients wilAPDs (full models)

All —cause hospitalizations

Total expenditures

Variables RR 95% CI ME ($) SD
Adherence to APDs (MPR)
low ( 0.79, reference) 1.00 0
Moderate (0.80-0.89) 1.02 0.96-1.09 85 948
High (0.90-0.99) 0.88 0.83-0.93f% -1916 859t
Optimal (1.00) 0.83 0.77-0.897 -2689 1001t
Duration of APD therapy (days) 1.00 1.00-1.00t -27 3t
Age
65— 74 vs. 64 0.85 0.76-0.94% -7425 1711t
75 -84 vs. 64 0.85 0.77-0.94% -9774 1681t
85+ vs. 64 0.77 0.69-0.867 -11077 1802t
Female vs. male 0.95 0.90-0.99% -489 708
Race
Black vs. White 1.01 0.91-1.11 181 1430
Other race vs. White 1.03 0.93-1.14 1018 1432
Region
North Central vs. Northeast 1.05 0.99-1.13 -3755 944t
South vs. Northeast 1.04 0.95-1.13 408 952
West vs. Northeast 1.04 0.97-1.10 3692 1274%
LIS vs. non-LIS 0.97 0.91-1.02 -5085 827t
Early vs. late enrollees 0.99 0.94-1.05 1493 741%
Seen by neurologists (yes vs. no) 1.10 1.04-1.17 2446 848t
Had depression (yes vs. no) 1.07 1.02-1.13 2382 t718
# of cognitive conditions
1lvs.0 1.07 0.99-1.15 1137 818
2-3vs. 0 1.43 1.34-1.53 8026 867t
# of comorbid conditions
7-8 vs. 1-6 2.36 2.07-2.69% 5275 752t
9-10 vs. 1-6 3.96 3.49-4.50% 12745 827t
11-22 vs. 1-6 6.76 5.95-7.69t 27788 10447
# of drugs for PD & non-PD
8-12 vs. 0-7 1.01 0.92-1.10t 7104 811t
13-18 vs. 0-7 1.11 1.01-1.21ft 12310 860t
19-76 vs. 0-7 1.33 1.22-1.46%t 21237 10547
Change in APD therapy
lvs.0 1.01 0.95-1.08 2787 982t
2-8 vs.0 1.08 1.00-1.17% 2468 1067t
Long-term care stay
1-12 months vs. 0 month 1.71 1.61-1.81f% 18668 890t
13-19 months vs. 0 month 0.91 0.84-0.98f 7834 1043t
# of preventive services use
1lvs.0 0.91 0.86-0.96% -324 813
2-3vs. 0 0.78 0.72-0.84f -3352 1020t
Baseline all-cause
hospitalizations (yes vs. no) 1.19 1.13-1.25t 5897 747t
Survival vs. death in 2007 - - -1 1162
Inverse Mill's Ratio 0.35 0.25-0.49t -30084 3742t

RR=Rate ratio; Cl=Confidence interval; ME= margieffect; SE= standard error; Baseline=1/1/2006-
5/31/2006; indicates a statistical significanc@-aflue less than 0.05. Prescriptions were stdimiat to

a 30-day supply’Survival was measured as the length of months aliekincluded as an offset variable to
account for uneven follow up periods among theysgainple in negative binomial models predicting all

cause hospitalization rate.
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Appendix H: Adjusted association of APD use with healthcare utilization and
expenditures stratified by whether patients had LTC stay

Table H.1: Adjusted association of APD use withltheare utilization by community and LTC patients

Healthcare utilization

APD use Hospitalizations ER visits = HHA episodes Physician visits
RR  95% ClI RR 95%ClI RR 95% ClI RR 95%ClI
PD-only

Community patients (n=4,598)
1-12vs. O prescriptions 1,95 1.38-2.74t 1.05 0.89-1.21.38 1.09-1.74t1 1.31 1.81-1.46%
13-18 vs. 0 prescriptions 2,57 1.85-3.611 0.96 0.84-1.11.33 1.06-1.68t1 1.27 1.15-1.41%
19-28 vs.0 prescriptions 2,68 1.92-3.76t1 1.04 0.88-1.21.77 1.40-2.23t1 1.40 1.26-1.56t
29 + vs. O prescriptions 364 2.62-5.05t 1.08 0.92-1.02.05 1.63-2.58t 1.61 1.45-1.79%

LTC patients (n=4,160)
1- 12 vs. O prescriptions 3.07 2.18-4.32t 2.97 2.11-4.4§1.89 1.94-2.40 2.18 1.82-2.61%
13-18 vs. 0 prescriptions 2.98 2.12-4.18t 2.99 2.13-4.201.67 1.31-2.12 1.96 1.64-2.35%

19-28 vs.0 prescriptions 395 2.79-5.58t 3.19 2.25-4.531.83 1.43-2.35 2.22 1.85-2.68
29 + vs. 0 prescriptions 4.14 2.94-5.821 4.05 2.88-5.691.35 1.05-1.74 2.73 2.28-3.28

All-cause

Community patients (n=4,598)
1-12vs. O prescriptions 1.03 0.89-1.19 1.04 0.91-1.21.12 0.94-1.34 0.96 0.90-1.03
13-18 vs. 0 prescriptions 0.96 0.82-1.09 1.02 0.89-1.1°0.95 0.79-1.13 0.97 0.91-1.04

19-28 vs.0 prescriptions 0.87 0.75-1.01 1.01 0.88-1.1'1.07 0.88-1.27 0.95 0.88-1.02
29 + vs. 0 prescriptions 0.95 0.82-1.01 1.03 0.90-1.1:1.04 0.86-1.24 0.97 0.91-1.05

LTC patients (n=4,160)
1-12vs. O prescriptions 1.33 1.20-1.46t 1.28 1.16-1.41.31 1.09-1.57-0.98 0.88-1.09
13-18 vs. 0 prescriptions 0.96 0.87-1.06 0.98 0.89-1.0'1.12 0.94-1.34 0.94 0.84-1.04

19-28 vs.0 prescriptions 0.90 0.80-1.00 0.95 0.85-1.01.00 0.82-1.22 1.01 0.91-1.14
29 + vs. 0 prescriptions 0.83 0.74-0.921 0.93 0.84-1.00.96 0.79-1.17 0.97 0.87-1.09

PD-related-comorbidities

Community patients (n=4,598)
1-12 vs. O prescriptions 0.90 0.77-1.06 1.03 0.83-1.21.81 0.65-1.02 0.97 0.84-1.11

13-18 vs. 0 prescriptions 0.90 0.77-1.05 1.03 0.84-1.2i1.09 0.88-1.36 0.86 0.75-0.99%

19-28 vs.0 prescriptions 0.88 0.75-1.03 0.96 0.77-1.210.94 0.74-1.18 0.85 0.74-0.99t1
29 + vs, 0 prescriptions 0.88 0.75-1.03 1.14 0.92-1.1.0.54 0.42-0.691 0.86 0.75-0.99t

LTC patients (n=4,160)
1-12vs. O prescriptions 151 1.23-1.87t 1.34 1.11-1.6:1.06 0.83-1.36 1.12 0.93-1.34
13-18 vs. 0 prescriptions 1.15 0.93-1.42 1.02 0.84-1.221.02 0.80-1.30 1.09 0.92-1.30

19-28 vs.0 prescriptions 0.95 0.75-1.20 0.76 0.61-0.9¢0.86 0.66-1.13 1.26 1.04-1.52%
29 + vs. 0 prescriptions 0.98 0.78-1.23 0.87 0.71-1.070.89 0.68-1.15 1.05 0.87-1.27

RR=Rate Ratio; Cl= Confidence interval; T indicadestatistical significance at P-value less th&50.
Prescriptions were standardized to a 30-day suMgalsiables adjusted in these analyses included
demographics (age, gender, race, and residency)status, PDP enrollment, seen by neurologists,
depression, cognitive conditions, comorbiditiesigdburden (# of non-PD drugs), preventive services
all-cause utilization of interest at baseline (2006-5/31/2006).
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Table H.2: Adjusted association of APD use withltheare expenditures by community and LTC patients

Healthcare expenditures
APD use Total Part A Part B Part D
ME ($) SE ME($) SE ME($) SE ME(®) SE

Community patients (n=4,598)
1-12vs. O prescription -988 1,292  -2,569 2142 -374 652 267 329
13-18 vs. 0 prescriptior 54 1,268 -4,484t 2060 -1153 631 3281t 378

19-28 vs.0 prescription 1413 1,302  -5,289t 2054 -1021 646 4296t 418
29 + vs, 0 prescriptions-12431 1,305  -3,9291 2103 -142 689 8182t 498
LTC patients (n=4,160)

1-12vs. O prescription 6 7531 2,092 7,418t 2,482 235 540  -550 349
13-18vs. O prescriptior -916 1,916 -1,566 2,189 -808 506 16801 371

19-28 vs.0 prescription-4 2551 2,029 -8,811t 2,189 -355 556 3929t 474
29 + vs. 0 prescriptions-2,3381 2,053 -10,75312,138 -167 559  6745f 542

ME= marginal effect calculated as differences ipenditure outcomes between users and non-usergroup
SE= standard error; T indicates a statistical ficarice at P-value less than 0.05. Prescriptiong we
standardized to a 30-day supply. Adjusted variainelsded demographics (age, gender, race, and
residency), LIS status, PDP enrollment, seen byabegists, depression, cognitive conditions,
comorbidities, drug burden (# of non-PD drugs)yvpraive services use, death in 2007, all-cause
hospitalizations at baseline (1/1/2006-5/31/2086Y inverse Miller’s ratio (IMR).
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Appendix |: Adjusted association of duration of therapy (DOT) with healthcare
utilization and expenditures stratified by whether patients had LTC stay

Table I.1: Adjusted association of DOT with headtrecutilization by community and LTC patients
Healthcare utilization

DOT Hospitalizations ER visits HHA episodes Physician visits
RR  95% CI RR 95%ClI RR 95%C RR 95% CI
All-cause

Community patients (n=4,072)
Medium vs. short DOT 0.94 0.84-1.04 0.94 0.83-1.00.93 0.78-1.100.98 0.92-1.05
Long vs. short DOT 0.99 0.90-1.10 1.02 0.91-1.13 0.91 0.79-1.0.97 0.91-1.03
Maximum vs. short DOT 0.13 0.11-0.161f 0.60 0.53-0.6&t64 0.54-0.750.98 0.92-1.04

LTC patients (n=3,511)
Medium vs. short DOT 0.79 0.75-0.84t 0.83 0.77-0.84f25 1.12-1.391.10 1.02-1.19
Long vs. short DOT 0.53 0.49-0.58t 0.68 0.62-0.74f12 0.98-1.291.01 0.93-1.12
Maximum vs. short DOT 0.03 0.02-0.04t 0.40 0.35-0.4%t68 0.53-0.880.99 0.89-1.11
PD-only

Community patients (n=4,072)
Medium vs. short DOT 1.47 1.16-1.861 0.92 0.79-1.08.95 0.77-1.17 1.05 0.96-1.15
Long vs. short DOT 1.92 1.56-2.37t 0.94 0.82-1.09 1.06 0.88-1.:0.97 0.89-1.05
Maximum vs. short DOT 0.38 0.29-0.50f 0.89 0.77-1.03 0.83 0.68-1.(1.03 0.95-1.12

LTC patients (n=3,511)
Medium vs. short DOT 1.16 1.00-1.35f 1.020.8€-1.22 1.24 1.08-1.4:1.09 0.98-1.21
Long vs. short DOT 0.82 0.68-1.00f 1.000.81-1.24 1.14 0.96-1.3€1.07 0.95-1.21
Maximum vs. short DOT 0.07 0.03-0.15tf 0.74 0.55-1.00f 0.62 0.44-0.0.94 0.80-1.10

PD-related-comorbidities

Community patients (n=4,072)
Medium vs. short DOT 0.96 0.82-1.11 1.150.95-1.40 1.05 0.84-1.311.04 0.91-1.20
Long vs. short DOT 0.94 0.82-1.08 1.03 0.87-1.23 0.84 0.68-1.0.95 0.84-1.07
Maximum vs. short DOT 0.83 0.72-0.961% 0.65 0.52-0.8af06 0.85-1.330.92 0.82-1.05
LTC patients (n=3,511)
Medium vs. short DOT 0.81 0.70-0.92t 0.83 0.72-0.98%65 1.38-1.971.25 1.09-1.43t
Long vs. short DOT 0.49 0.41-0.60f 0.58 0.48-0.7(t40 1.12-1.750.92 0.78-1.08

Maximum vs. short DOT 0.06 0.03-0.111 0.49 0.37-0.64163 1.14-2.331.10 0.90-1.35
Short 400 days, Medium =401-539 days, Long =541-578 dayd Maximum =579 days
RR=Rate ratio; Cl=Confidence interval; T indicatestatistical significance at P-value less tha’.0.0
Adjusted variables included demographics (age, gemece, and residency), LIS status, PDP enrolimen
seen by neurologists, depression, cognitive canditicomorbidities, drug burden (# of PD and non-PD
drugs), changes in APD therapy, preventive servises all-cause utilization outcome of interest at
baseline (1/1/2006-5/31/2006), and inverse Milleato (IMR).
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Table 1.2: Adjusted association of DOT with headtteeexpenditures by community and LTC patients

Healthcare expenditures

DOT Total Part A Part B Part D

ME ($) SE ME(@) SE ME($) SE ME($) SE
Community patients (n=4,072)

Medium vs. short 1011 908 -708 2,221 214 611 1,455 446

Long vs. short -24871 809 688 2,136  -132 545 2,711t 418

Maximum vs. short -3763t1 1,006 -9,465% 1,727 -1217tf 543 4,952t 480

LTC patients (n=3,511)

Medium vs. short -4,4391 1,850 -5,531 3,684 -434 480 2,469t 382

Long vs. short -26,602t1 1,855 -29,397t 3,355 -1,760tf  54¢€ 3,873t 525

Maximum vs. short  -37,570t1 1,805 -42,31713,102 -2,5441f 593 4,608t 632

Short 400 days, Medium =401-539 days, Long =541-578 dayd Maximum =579 days

ME= marginal effect calculated as difference inengliture outcome between DOT groups; SE=standard
error; T indicates a statistical significance ataRie less than 0.05. Adjusted variables included
demographics (age, gender, race, and residency)status, PDP enrollment, seen by neurologists,
depression, cognitive conditions, comorbiditiesigdburden (# of PD and non-PD drugs), changes b AP
therapy, preventive service use, death in 200€taalke hospitalization at baseline (1/1/2006-5/(3162,

and inverse Miller’s ratio (IMR).
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Appendix J: Adjusted association of adherence to APDs (MPR) with healthcare
utilization and expenditures stratified by whether patients had LTC stay

Table J.1: Adjusted association of MPR and heatthadlization by community and LTC patients
Healthcare utilization

MPR Hospitalizations ER visits HHA episode Physician visits
RR  95% CI RR 95%CI RR 95% C RR 95% ClI
All-cause

Community patients (n=4,072)
Moderate vs. low MPR1.07 0.96-1.20 0.97 0.87-1.08.99 0.86-1.150.97 0.92-1.02
High vs. low MPR 0.97 0.88-1.08 0.96 0.87-1.06 0.87 0.76-0.0.94 0.90-0.98t
Optimal vs. low MPR 091 0.80-1.03 0.97 0.86-1.08 0.86 0.74-0.0.91 0.86-0.96

LTC patients (n=3,511)
Moderate vs. low MPR0.99 0.92-1.07 0.93 0.83-1.10.82 0.73-0.93t 0.93 0.85-1.02
High vs. low MPR 0.82 0.76-0.88t 0.85 0.78-0.92(82 0.7:-0.92t 0.97 0.89-1.05
Optimal vs. low MPR 0.76 0.72-0.841 0.88 0.81-0.9®72 0.63-0.8210.96 0.88-1.05
PD-only

Community patients (n=4,072)
Moderate vs. low MPR1,03 0.86-1.24 0.97 0.85-1.10.17 0.99-1.380.98 0.91-1.05
High vs. low MPR 1.13 0.96-1.33 0.95 0.85-1.06 1.03 0.88-1.:0.94 0.88-0.99t

Optimal vs. low MPR 0.82 0.97-1.01 0.96 0.84-1.09 0.92 0.77-1..0.92 0.85-0.99t
LTC patients (n=3,511)
Moderate vs. low MPR1.28 1.08-1.52 0.66 0.53-0.811.00 0.86-1.181.13 1.01-1.27t

High vs. low MPR 0.94 0.79-1.12 0.95 0.80-1.14t 0.96 0.83-1.1.15 1.03-1.28%
Optimal vs. low MPR 0.87 0.71-1.06 0.81 0.66-0.99t1 0.84 0.70-0.1.12 1.07-1.35%

PD-related-comorbidities

Community patients (n=4,072)
Moderate vs. low MPR1.01 0.89-1.15 0.97 0.82-1.18.75 1.44-2.120.91 0.81-1.01
High vs. low MPR 0.99 0.89-1.11 0.89 0.77-1.04 0.86 0.72-1.0.88 0.80-0.97t
Optimal vs. low MPR 0,99 0.88-1.14 0.94 0.78-1.12 0.86 0.70-1.0.89 0.79-1.00t
LTC patients (n=3,511)
Moderate vs. low MPR1.07 0.90-1.26 0.74 0.63-0.88%78 0.64-0.960.79 0.69-0.93%1
High vs. low MPR 0.88 0.74-1.04 0.76 0.65-0.89%24 1.03-1.490.82 0.71-0.94t

Optimal vs. low MPR 0.88 0.74-1.05 0.83 0.71-0.98%83 0.67-1.030.82 0.71-0.96t
Low MPR 0.79, Moderate MPR=0.80-0.89, High MPR=0.90-0&88] Optimal MPR=1.00
RR=Rate ratio; Cl=Confidence interval; T indicatestatistical significance at P-value less tha’.0.0
Adjusted variables included demographics (age, gemece, and residency), LIS status, PDP enrolimen
seen by neurologists, depression, cognitive canditicomorbidities, drug burden (# of PD and non-PD
drugs), changes in APD therapy, preventive seruises all-cause utilization outcome of interest at
baseline (1/1/2006-5/31/2006), inverse Miller'sadtMR), and DOT.
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Table J.2: Adjusted associationMPR with healthcare expendituresby community and LTC stay

Healthcare expenditures

MPR Total Part A Part B Part D

ME($) SE ME($) SE ME($) SE ME($) SE
Community patients (n=4,072)

Moderate vs. low MPR .134 1,187 -2,601 1,216 -387  46€ 1,820t 446

High vs. low MPR 1968 1,112  -824 1,149 -567 405 3,205t 418

Optimal vs. low MPR 2504t 1092 -1,231 1,321 -1047t 46¢€ 3,9861 480

LTC patients (n=3,511)

Moderate vs. low MPR 3717 1,953 -4,013 2,762 -588  51¢ 1,030t 416

High vs. low MPR -14,0911 1,645 -19,723t 2,164 -1,2861 462,604t 404

Optimal vs. low MPR  .17,408t 1,679 -23,310t 2,204 -1,818t 479 2,194t 431

Low MPR 0.79, Moderate MPR=0.80-0.89, High MPR=0.90-088%] Optimal MPR=1.00

ME= marginal effect calculated as differences ipenditure outcomes between MPR groups; SE=
standard error; T indicates a statistical signifazaat P-value less than 0.05. Adjusted variabldsded
demographics (age, gender, race, and residency)sthkus, PDP enrollment, seen by neurologists,
depression, cognitive conditions, comorbiditiesigdburden (# of PD and non-PD drugs), changes ib AP
therapy, preventive service use, death in 200€taalke hospitalization at baseline (1/1/2006-5/(3162,

inverse Miller’s ratio (IMR), and DOT.
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