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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 Part D enrollees with 

Parkinson’s disease (PD). Methods: 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 was selected with (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 associated with 

APD use measures were examined using modified-Poisson regressions with Generalized 

Estimating Equations. The association of APD use/adherence with utilization and 

expenditure outcomes was evaluated with negative binomial and gamma General Linear 

Models, respectively. Results: 12% of PD patients (n=8,758) did not use any APDs, and 

a fourth of APD users had a duration of therapy �  435 days and an MPR of <0.80. 

Patients with cognitive impairment and with � 11 comorbidities were less likely to use 

APDs; and if using, they were less likely to possess APDs persistently and regularly. 

Other factors associated with not using APDs included low-income-subsidy eligibility 
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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-cause utilization for acute 

(hospital and emergency room [ER]), chronic (Part A skilled nursing facility [SNF]�and 

home health agency), and physician care (only for adherence). Similar patterns were 

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 Part D expenditures 

were observed in longer-duration users and in higher adherers. Conclusion: 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 bradykinesia, is the 

second most common neurodegenerative disorder after Alzheimer’s disease in the United 

States (U.S.).1, 2 This disease predominantly affects the aged population, as the 

prevalence and incidence of PD increase with age and rise rapidly after the age of 60.3, 4 

Currently around one million people live with PD in the U.S.,5  and the number is 

expected to double in the next 15 to 20 years as the baby boomers age.6  In addition, the 

economic burden of PD is estimated at $23 billion in 2002 and is expected to increase 

accordingly.7  

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, amantadine, and 

anticholinergic agents.8, 9 For early-stage PD patients, dopamine precursors represent the 

most efficacious class of APDs, although their long-term use can result in complications 

including motor fluctuations and dyskinesia.8-11 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 symptoms. 

With increasing PD severity, a combination of levodopa with other classes of APDs is 

recommended to ameliorate PD symptoms and reduce levodopa-induced 

complications.10, 11 At the very advanced stage of PD, however, use of a single APD is 
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likely due to the increasing intolerance of the agents. Overall, the treatment course for PD 

is highly individualized due to differences in patients’ manifested motor symptoms, 

disease progression, tolerance to APDs, and occurrence of non-motor symptoms.12, 13 

Although APDs have been the mainstay of treatment for the management of PD,12  

evidence regarding  patients’ use and adherence to APDs is limited. Prior studies using 

Systematic Assessment of Geriatric drug use via Epidemiology (SAGE) and Medicare 

Current Beneficiary Survey (MCBS) data have suggested that a substantial proportion 

(42-44%) of aged Medicare beneficiaries with PD do not take any APDs.14, 15 In addition, 

studies using managed care administrative claims data have shown that about two-thirds 

(61-67%) of aged Parkinson patients do not adhere to their medication regimens.16, 17  

However, these studies exhibit several drawbacks that limit their applicability. 

First, many previous studies may not accurately identify PD cases. They identified PD 

patients with self-reported diagnosis14, 15 and/or a broad range of ICD-9 codes for PD,15, 16 

approaches that might have included non-PD cases that did not require APD treatment. 

Consequently, these studies might have overestimated the percentages of patients either 

not using any APD or being non-adherent. Second, the prevalence of APD use generated 

from SAGE and MCBS data might be underestimated, as drug usage in these datasets 

were reported by nursing home staff or participants during a limited observation window 

(e.g., 7-day drug use preceding assessment in SAGE).14, 15 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 
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population-based studies focusing on APD adherence had limited generalizability, 

because they included only managed care patients with PD.16, 17 In 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. Nevertheless, evidence of the 

association of APD use and adherence with healthcare utilization and expenditures 

among Parkinson patients is very limited, with only one study reported in the literature.17  

 

1.2. Objectives 

The objectives of this study are (1) to examine APD use and adherence; and (2) to 

estimate the association of APD use and adherence with healthcare utilization and 

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 332.0 (Paralysis 

agitans) in two consecutive years. This approach ensures that PD patients identified in 

this study are likely to be true cases. Additionally, we measure APD use and adherence 

by using more recent Medicare administrative claims data from 2006 and 2007. These 

claims data are contained in the Centers for Medicare and Medicaid Services (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 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 provide population-

based estimates of the prevalence of APD use and adherence, and contribute to the 
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development of a better understanding of potential factors associated with use and 

adherence to APDs. These 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 understanding will highlight the importance of optimizing medication use and 

adherence, while reducing medical expenditures of Medicare beneficiaries.  

 

1.3. Major aims and hypotheses 

This research has three specific aims. Aim 1 describes the profiles of APD use and 

adherence; Aim 2 examines factors associated with use of and adherence to APDs; and 

Aim 3 investigates the association of APD use and adherence with healthcare utilization 

and expenditures. We detail these three aims along with their research questions and 

hypotheses as follows:  

 

Aim 1: To describe antiparkinson drug (APD) use and adherence among Medicare 

Parkinson’s patients continuously enrolled in Part D stand-alone prescription 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)? 

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). 
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Q1.2: Over the 19-month study period, how many days are PD patients treated with APD 

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, we 

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

(defined as a continuous gap of �  30 days without APD use), and switching and 

augmentation of APDs.  

 

Aim 2: To examine factors associated with APD use and adherence among Medicare 

Parkinson’s patients continuously enrolled in PDPs from June 1, 2006 throughout 

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 associated with any 

use of APDs? 

H 2.1: PD patients who are younger, are white, are low-income subsidy (LIS) eligible, 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 associated with a 

long duration of APD therapy?  
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H 2.2: PD patients who are younger, are white, are LIS eligible, are early enrollees, 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 duration of APD 

therapy. 

�

Q 2.3: Among the Medicare PDP enrollees with PD, what factors are associated with 

high adherence to APDs?  

H 2.3: PD patients who are younger, are white, are LIS eligible, are early enrollees, have 

neurologist visits, have no cognitive impairment, have no depression, have 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 adherence to 

APDs. 

 

Aim 3: To investigate the association of APD use and adherence with healthcare 

utilization and expenditures among Medicare PDP enrollees with PD, after 

adjustment for patient’s demographics (age, gender, race, and residency), whether 

seen by neurologists, LIS status, early/late enrollment, medical conditions 

(comorbidities, depression, and cognitive function), medication-related 

characteristics (drug burden and changes in APD therapy), LTC stay, health-

promoting behavior (use of preventive services), and healthcare utilization at 

baseline (1/1/2006-5/31/2006). 
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 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) visits, Part A skilled 

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, Part A SNF 

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. 
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Q 3.3: Among the Medicare PDP enrollees with PD, is adherence to APDs associated 

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 episodes, and HHA 

episodes, but higher office-based physician visits, after controlling for covariates.  

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.  
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2.  BACKGROUND 

This chapter provides an overview of Parkinson’s disease (PD) with regard to its 

clinical mechanism and symptoms, diagnosis, epidemiology, and disease burden. As 

well, we present information on pharmacological treatments for PD and review literature 

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, a part of the 

basal ganglia located in the midbrain region.1 Since dopaminergic neurons in the 

substantia nigra play an important role in controlling movement , the disruption of 

dopaminergic neurotransmission causes motor dysfunction.1, 8 The etiology of PD 

remains unclear. Possible risk factors contributing to PD include genetics, aging, 

environmental toxin exposure, rapid eye movement, and sleep disorder.18 However, some 

factors seem to have protective effects on PD. Caffeine has been associated with a lower 

risk for PD according to two large prospective cohort studies19, 20 and a recent meta-

analysis.21  The use of estrogen replacement therapy among postmenopausal women 

appears to be associated with a reduced risk of PD, according to a case-control study22, a 

retrospective chart review23, and one cross-sectional study24, although this finding was 

not supported by other  two case-control studies and one cohort study.25-27 Moreover, 

recent data from the Mayo Clinical Cohort of Oophorectomy and Aging study indicated 

that women with unilateral or bilateral ovariectomy before their menopauses had an 
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increased risk of parkinsonism than did women without such surgical procedures.28 The 

authors of this study suggested that use of estrogen, a major hormone produced by 

ovaries, might have a beneficial effect against PD.29 Another possible protective factor of 

PD is cigarette smoking according to two meta-analysis studies,30, 31 but its mechanism is 

not clearly understood. 

Clinical symptoms of PD include motor and non-motor features. Primary motor 

symptoms include tremor, rigidity, and bradykinesia.1, 32 Tremor tends to occur on one 

side of body and presents at rest. Rigidity is stiffness or resistance to passive movement 

of an arm or leg. Bradykinesia, or slowness in voluntary movement, is often the most 

disabling motor feature because it slows mobility and impairs activities of daily living 

(ADLs) for PD patients. Generally, when patients are diagnosed with PD, one-third of 

them have only tremor symptoms, another third have both bradykinesia and rigidity, and 

few have a combination of the three motor symptoms.33 Other motor features such as 

postural instability (poor balance), micrographia (small handwriting), hypophonia (soft, 

muffled speech) may develop with time.33 In general, those motor symptoms become 

more severe as disease progresses, and this can limit patients’ daily functions and cause a 

poor quality of life.34  

Major non-motor symptoms that PD patients may experience include dementia, 

depression, and psychosis.35 According to recent systematic review articles, the 

prevalence of PD patients living with dementia, depression, and psychosis ranges from 24 

to 31 percent36, 30 to 40 percent37-39, and 20 to 24 percent40, 41, respectively.  This 

variation in range is likely attributed to substantial differences in study samples, 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), gastrointestinal symptoms, 

sensory symptoms, and others (e.g., fatigue).1 The presence of these non-motor features 

is significantly associated with patients’ age of disease onset, pre-existing cognitive 

conditions, and duration of PD.41  

 

2.1.2. Diagnosis  

The diagnosis of PD is challenging because symptoms of PD frequently overlap 

with motor symptoms of other neurodegenerative disorders.33 An example is that tremor 

and rigidity are two major motor symptoms of PD, but are also often seen among patients 

with dementia with Lewy bodies, a type of dementia in which cognitive impairment 

usually precedes parkinsonism.42 Failing to distinguish these specific symptoms between 

PD and other disorders can lead to a potential misdiagnosis of PD. Several studies in 

United Kingdom and European countries found that 15 to 54 percent of non-PD patients 

are mistakenly diagnosed as having PD.43-45  The accuracy of PD diagnosis varies among 

medical specialties, with a much higher misdiagnosis rate found among physicians not 

specialized in movement disorders than among movement disorder experts.45 46 

To improve the sensitivity and specificity of diagnosis, the American Academy of 

Neurology (AAN) recommends a clinical practice guideline for PD diagnosis. This 

guideline suggests that the evidence of PD diagnosis is weak if patients present with 

several of the following signs and symptoms: (1) experiencing falls in the early disease 

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 
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urgency/incontinence). Other diagnostic tools, such as MRI, sonography, or autonomic 

testing, are not recommended because evidence on the diagnostic accuracy of�these tests 

is insufficient.33 However, these diagnostic tools are often helpful to make alternative 

diagnoses.  

Several observational studies have attempted to identify PD cases in administrative 

claims data to examine patients’ medication or healthcare utilization at the population 

level.15, 17, 47-49 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(Secondary 

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 than PD. According to the 

ICD-9 coding definitions, 332.1 is used for patients with parkinsonism induced by drugs 

(such as haloperidol, a first-generation antipsychotic drug); 333.0 is for atypical 

parkinsonian syndromes (including multiple system atrophy, progressive supranuclear 

palsy, corticobasal syndrome, and Lewy body dementia). Code 333.1 is used for essential 

tremor and has shown a low positive predictive value (19.5%) in identifying PD cases.50 

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 result in a poor accuracy 

for detecting true PD cases. One study using these four codes jointly to identify PD in 

Veterans Health Administration claims data showed an unsatisfactory sensitivity of 

18.7% (vs. evidence of physician diagnosis plus 2 of the three clinical symptoms–tremor, 

rigidity, and bradykinesia).51 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 our study, to optimize 

the accuracy of PD identification, we will use an algorithm proposed by Szumski and 

Cheng that 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 shown an adequate 

sensitivity of 89.2% in detecting true PD cases, compared to medical chart review.52  

 

2.1.3. Epidemiology  

PD is the second most common neurodegenerative disorder after Alzheimer’s 

disease in the U.S.1  The overall prevalence of PD is estimated as high as 329 cases per 

100,000 people (approximately 1 million people in the U.S.)5, and the incidence is 

estimated to be 12 cases per 100,000 people annually.4 Both prevalence and incidence 

increase with age and rise rapidly after the age of 60. The prevalence increases from 1.19 

% among people aged 65 to 74 years to 3.27 % among those aged 85 or over.2, 3 Similarly, 

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 years.4 Thus, 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 boomers age.6 

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).4 
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2.1.4. Disease burden  

  The financial burden of PD is significant. A U.S. study estimated the total cost of 

PD to the nation was $23 billion in 2002.7 PD beneficiaries spent on average $7,710 more 

every year on healthcare than non-PD beneficiaries after adjusting for sociodemographic 

characteristics and comorbidities, according to 1999 to 2002 Medicare Current 

Beneficiary Survey data.47 In addition, the debilitating effect of PD is reflected by 

increased mortality over time compared with the general population. Standardized 

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.53  Likewise, PD patients’ families and caregivers suffer from the burden of 

caring for their loved ones. Caregivers report having mental stress (e.g., worrying about 

individual's safety) and physical stress (e.g., lifting individual into bed).54 These 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 dopamine 

precursors (e.g., levodopa), dopamine agonists (DAs), monoamine oxidase B (MAO-B) 

inhibitors, catechol-O-methyltransferase (COMT) inhibitors, amantadine, and 

anticholinergic agents (Table 2.1, located at the end of this chapter).8-11 In 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 the blood-brain 

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 decarboxylase to 

prevent the breakdown of L-dopa during its converting process.8-10 These levodopa-

carbidopa combination therapies are branded as Sinemet®, Sinemet CR®, and Parcopa® 

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.55 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-year use.56 One of the 

common motor complications is fluctuation where patients switch from mobility (on 

status) to parkinsonian state (off status). This on-off switch is associated with the effect 

of L-dopa wearing off after each given dose. Another complication is dyskinesias where 

patients experience excessive and abnormal involuntary movements. Dyskinesias often 

occurs during the peak effect of a dose of L-dopa.55 Other common side effects of L-dopa 

include nausea, vomiting, and psychiatric side effects (e.g., confusion and psychosis).8, 9, 

57 
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(2) Dopamine agonists 

Dopamine agonists (DAs) directly stimulate dopamine receptors to reduce PD 

motor symptoms.8-10 DAs are classified as ergoline derived or nonergoline. Two ergoline 

derived DAs are Bromocriptine (Parlodel®) and Pergolide (Permax®), and both 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 2008.58  

The most common side effects of DAs are psychiatric effects (e.g., confusion, 

hallucinations, and psychosis), sleep dysfunction (e.g., somnolence), autonomic 

dysfunction (e.g., orthostatic hypotension), and leg swelling. Those side effects are the 

common reasons for patients discontinuing DAs.57  In addition, recent studies reported 

that patients with DAs likely experience impulsive (e.g., alcoholism) and compulsive 

behavior syndromes (e.g., excessive gambling).9, 57 A rare but serious adverse effect, 

cardiac valve problem, has been proven to be associated with ergo-derived DAs. This 

concern led to Pergolide withdrawal from the U.S. market on March 29, 2007.59  

 

(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 dopamine levels in the 

brain.8-10 Two MAO-B inhibitors used to treat PD include selegiline (Eldepryl®, 

Zelapar®, and Emsam®) and rasagiline (Azilect®). MAO-B inhibitors have been 

suggested to have neuroprotective effects, yet the evidence is not convincing according to 
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the American Academy of Neurology.13 MAO-B inhibitors develop relatively minor side 

effects including headache, dizziness, and nausea.57 One recent study suggests that, 

similar to dopaminergic agents (i.e., dopamine precursors and dopamine agonists), MAO-

B inhibitors may be associated with gambling and impulse control symptoms.60  

 

(4)  Catechol-O-methyl transferase inhibitors 

Catechol-O-methyl transferase (COMT) inhibitors, like MAO-B inhibitors, are 

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 results in greater levodopa bioavailability in the brain, leading to 

greater effects on controlling PD symptoms.8-10 Drugs in the COMT class include 

entacapone (Comtan®) and tolcapone (Tasmar®). COMT inhibitors are usually 

administered with L-dopa for PD patients with motor complications.8-10 Thus, most 

COMT-inhibitor-induced adverse effects are consistent with increased L-dopa 

exposure.57 Those adverse effects include nausea, dizziness, and hallucinations. In 

addition, the use of tolcapone may cause liver failure. Although the actual risk is very 

low, the probability of developing serious morbidity increases if the drug is continued.8-10  

 

(5)  Anticholinergic agents 

The mechanism of action of anticholinergic agents in PD is not clear. As the loss of 

dopaminergic neurons in PD may cause an imbalance between dopaminergic and 

cholinergic activity, anticholinergics have been suggested to correct this imbalance by 

decreasing cholinergic activity. Accordingly, anticholinergic therapy has shown benefits 
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in reducing tremor.8-10 Drugs used to treat PD in this class include benztropine 

(Cogentin®), Biperiden (Akineton®), trihexyphenidyl (Artane®), and Procyclidine 

(Kemadrin®).  Adverse effects of anticholinergics include peripheral problems (e.g., dry 

mouth and constipation) and mental (e.g., confusion and hallucinations) symptoms.57 

Aged PD patients are more susceptible to these mental effects because of high propensity 

of developing cognitive disorders in the advanced age population.8-10  

 

(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.8, 9 Amantadine (Symmetrel®) is the only drug in this class. One common 

adverse effect of amantadine is neuropsychiatric effects.57 As amantadine has some 

anticholinergic properties, patients concomitantly receiving those two APDs could 

experience serious psychiatric symptoms.8, 9 

 

2.2.2. Clinical practice guideline for APD use 

The American Academy of Neurology (AAN) published the first U.S. clinical 

guideline on drug treatment of PD in 1993.61 Since 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 of PD.13, 33, 35, 62 The following 

discusses drug treatment recommended by current AAN guidelines for patients in 

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 general, preferred 

first-line treatments in the early stage are L-dopa and DAs, with the former being 

suggested for elderly patients (> 60 years old) and the latter being suggested for young 

patients.13 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 use of L-dopa 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 to delay L-dopa 

induced complications.8, 9 Nevertheless, the key issue in choosing the right treatment is 

the level of PD severity and motor dysfunction. If patients present with severe motor 

symptoms at the time of diagnosis, L-dopa is preferable since it is substantially more 

efficacious than any other APDs.8, 9 

In addition to L-dopa and DAs, three APDs are used as second-line treatments for 

early-stage PD patients. MAO-B inhibitors are suggested as an initial treatment for PD 

patients whose cognitive function remains intact.13 Anticholinergics are recommended for 

patients with predominant tremor, but are avoided for patients older than 70 years old due 

to neuropsychiatric side effects. As well, amantadine is used as monotherapy for patients 

with mild PD symptoms, although its effect is relatively moderate compared to other 

classes of APDs.8, 9  

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

during the early stage of the disease.63 In a U.K. longitudinal prospective cohort study, 
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Grosset et al. found that patients treated (vs. untreated) in the course of their disease had 

significantly better self-reported health status (measured by 39-item Parkinson’s Disease 

Questionnaire, PDQ-39) during an average of 18 months follow-up.64 The study 

suggested that initiating APDs at the time of disease diagnosis may be a preferred 

approach to managing PD. Countering to this finding, another U.K. study with a similar 

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 follow-up period.65  

Further, this study found that the treated patients (vs. the untreated) had worsening motor 

function (measured by United Parkinson’s Disease Rating Scale, UPDRS). The authors 

reasoned that the early use of APDs might not necessarily improve patients’ outcomes, 

because these drugs generally come with side effects (cognitive and psychiatric 

dysfunction or motor complications). Thus, the authors concluded that a “wait-and-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 clinical trial is 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-naïve PD patients in two 

multicenter clinical studies [Deprenyl and Tocopherol Antioxidative Therapy of 

Parkinsonism (DATATOP) and Parkinson Research Examination of CEP-1347 Trial 

(PRECEPT)].66 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 more restricted. 

During this stage, more than one APD is usually required to control PD symptoms or 

motor complications.62 Generally, L-dopa in combination with other classes of APDs is 

recommended to alleviate PD symptoms, except for older patients who are less tolerant of 

multiple drug regimens. For patients who develop dyskinesia, amantadine as an adjunct 

therapy with L-dopa is suggested. For those with fluctuations, a combination therapy of 

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 because there 

is insufficient clinical evidence to support such use in patients with motor fluctuations. 

However, those clinical studies have important limitations on study design and sample 

sizes. Additional studies may be needed to investigate the efficacy of the combination 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 often do not respond to 

drug therapy.1 In addition, they are likely to develop non-motor symptoms. Subsequently, 

the choices of APDs largely depend on whether they can minimize non-motor symptoms, 

while maintaining motor functions. In this very advanced stage, patients may return to 

using a single APD agent, rather multiple drugs. Overall, drug treatment plans for PD 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 changes. Clinical factors 

related to regimen change include disease progression, drug adverse effects, and the wide 

array of motor and non-motor features.10, 67, 68  Non-clinical factors including drug cost, 

change in guideline (e.g., drug withdrawal), and patients’ preference may also influence 

changes in drug treatment for PD.68 Common alterations are dose titration, change in 

dose frequency, drug switching, and drug augmentation.67, 68  

For example, if a patient experiences intolerable side effects from an APD, an 

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 schedule.67 On the other hand, 

augmentation of APDs mostly occurs in the moderate-advanced stages of PD. When the 

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 symptoms .67  

As stated before, since PD patients in the early stage are likely to benefit from 

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 or switch 

drugs after their initial APD regimens.49 On the contrary, patients in the advanced stage 

tend to experience frequent regimen changes and complicated treatment mainly due to the 

emergence of motor complications (fluctuations and dyskinesia) and the presence of 
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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 (SAGE) dataset 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 five states from 

1992 to 1996.14  In addition, one recent analysis using 2000-2003 Medicare Current 

Beneficiary Survey (MCBS) data found that the percentage of patients not using any 

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 had PD.15   

These high percentages of PD patients not using APDs could be explained by two 

reasons: (1) inaccuracy of PD identification, and (2) lack of effectiveness of APDs. First, 

the study using MCBS datasets identified PD cases through either self-report status 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 considered 
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as a less reliable method in detecting PD cases, using these two sources of data is 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 PD and this 

percentage was likely overestimated. As to the study using SAGE data, the number of 

false positive cases might be relatively smaller than that in the MCBS data, because PD 

cases were identified from clinical diagnosis (physician judgment plus medical records, 

including physical examination and hospital discharge). On the other hand, PD patients 

may not use APDs because they do not benefit from the medications as a result of 

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 cross-sectional 

survey and several cohort studies between 1995 and 1999 reported 84% to 98% of PD 

patients using L-dopa.34, 69-71 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 Medicare- or 

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%).14  Conversely, Huse, et al. found 62% of newly-diagnosed 

PD patients received L-dopa as initial therapy in data from employer-sponsored health 

plans (1999-2001) and Medicaid (1999 -2000).49 Moreover, Swarztrauber, et al. found 
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that 75% of veterans at the early-stage of PD used L-dopa as a first-line treatment during 

1998 to 2004.48 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. Only one study 

has examined changes in PD drug therapy among newly-diagnosed PD patients with 

employer-sponsored health plans from 1999 to 2001 and Medicaid from 1999 to 2000.49 

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) in therapy, the 

majority (84%) experienced augmentation of APDs, whereas the rest (16%) experienced 

switching of APDs. L-dopa used as initial treatment had the lowest rate of being switched 

and/or replaced, suggesting that it is the most effective APD for initial treatment 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 are discussed as 

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 older) and youngest 
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(65 to 74 years old) elderly are less likely to use any APD compared to those aged 

between 75 and 84.14, 15 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 years or older.49, 69 

African Americans are slightly less likely than whites to receive APDs [odds ratio 

(OR)=0.89, 95% confidence interval (CI)=0.79-1.01], suggesting possible racial 

disparities in PD therapy.14 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 group.15 Conversely, no 

association was found between APD use and marital status, income level, or self-report 

health status.15 The findings regarding gender are not conclusive, with most studies 

observing no association between gender and APD use.15, 49, 69  

 

(2) Cognitive function   

Cognitive function is a significant predictor of non-APD use. Patients with severe 

cognitive impairment, measured by a 6-item, 7-level Cognitive Performance Scale, are 

less likely to receive APDs (OR=0.79, P<0.001), compared to those without cognitive 

impairment.14 As well, patients with dementia, a serious cognitive disorder, are less likely 

to use APDs (OR=0.62, P<0.001).15 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 dopaminergic agents 

(DPs and DAs). Since PD patients with cognitive dysfunction are also likely to develop 

psychosis, discontinuation of APDs seems to be a preferred strategy to reduce the 

psychiatric symptoms. Another possible way to cope with psychosis while controlling for 
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motor symptoms is to administer antipsychotic drugs (i.e., clozapine and quetiapine) 

along with L-dopa.35 In addition to cognitive disorders, depression is related to APD use, 

although the direction of the relationship is not consistent in the literature.14, 15 This 

discrepancy may be due to the difference in the severity of the disease in patients studied.  

 

(3)  Disease-related factors  

Comorbidities are associated with the choice of APDs. PD patients with higher levels 

of chronic comorbidities are more likely than those with lower levels of chronic 

comorbidities to use L-dopa and its combination therapies.49 Also the probability of 

receiving levodopa or any APDs is higher among patients with a longer duration of 

disease and more severe disease symptoms.69 However, the association between physical 

functioning and APD use is inconsistent. One study suggested that ADL limitations were 

positively related to APD use,15 whereas another suggested a negative relationship.14 

 

(4)  Drug insurance 

Patients with drug insurance plans are more likely to use APDs compared to those 

without coverage (OR=1.48, P<0.01),15 suggesting that drug insurance reduces the 

financial barrier for patients in obtaining medications. In addition, drug insurance plans 

may affect patients’ access to drugs. One study showed that dopamine agonists (DAs) 

were more likely to be received as initial treatment by PD patients with employer-

sponsored insurance than those with Medicaid.49 This 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 highest 
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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 of this chapter).  

 

(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 more likely to 

prescribe DAs to the young (<60 years old) PD patients, compared to non-MDS 

doctors.48 Another possible factor associated with APD use is whether patients stayed in 

facilities.  A higher probability of using APD is found in PD patients living in 

institutional settings compared to those in community settings.15 This 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 identifying 

PD cases using either self-reported data or a broad range of ICD-9 codes (including 

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 cases might 

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 MCBS data�may be 

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 in newly-

diagnosed PD patients.   

(5) The association between APD use and other potential factors is unclear. For example, 

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 stage.72 It is possible 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 and healthcare 

utilization and expenditures. It is possible that patients with no or sparse use of APDs 

may have higher health care utilization and expenditures than patients with adequate 

use of APDs. 

Due to these limitations, a population-level study using updated prescription claims 

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”, according to the 

International Society for Pharmacoeconomics and Outcomes Research.73An ideal 

adherence measurement should provide information on dosing taken by patients in 

relation to what was prescribed by physicians. However, this information can only be 

obtained with costly prospective approaches, such as electronic drug monitoring 

systems.74-76 This challenge has driven researchers to consider a retrospective approach 

using pharmacy administrative data for adherence measurement.  Administrative data 

collected primarily for billing purposes are relatively convenient and inexpensive to 

obtain.74-76 Although adherence values measured from pharmacy data cannot reflect 

medication consumption directly, i.e., when and how patients take their medications, they 

do provide information on medication possession, i.e., the amount of medication obtained 

by patients.73, 77  

Adherence measures using pharmacy claims data can be classified into two types: 

(1) medication gap measure and (2) medication possession measure.77-79 The measure of 

medication gaps assesses the number of days that medications are unavailable over a 

specific period of time. One common gap measure is the Continuous Measure of 

Medication Gaps (CMG). On the other hand, medication possession measure assesses the 

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.78 Compared to the gap measure, the possession measure is preferable because it 

tends to provide a higher predictability of health outcomes, such as hospitalization 

episodes.80, 81  

MPR has been widely used as a standardized method to measure adherence in 

studies using administrative claims data.73, 78, 80, 81 The algorithm of MPR is the sum of 

days’ supply of drugs divided by a fixed study interval (e.g., one year) or a prescription 

interval (i.e., the period between the first and the last fill plus the day’s supply of the last 

fill). 78  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 be treated with 

medications used for the disease of interest during this period.78  

MPR provides valid adherence estimates for drugs when used as monotherapy. 

However, it can be problematic when applied to drugs used concurrently. In these cases, 

this measure tends to overestimate adherence values.82 To prevent this overestimation, a 

recent study proposed three methods to standardize adherence measure for concurrent 

therapy.83 The first approach is average adherence, which generates a mean adherence for 

an individual by taking an average of the MPRs of all classes of drugs that a patient 

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 during a study period. 

The third approach is to calculate the proportion of patients with an MPR of �  80% for all 

classes of drugs. The result shows that average adherence provides an intermediate 

estimate between the other two approaches,83 which suggests that average adherence is a 

relatively conservative approach to measure adherence to concurrent drug therapy. In our 
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study, because parkinson patients, especially those at a moderate-to-advanced stage, tend 

to have multiple APDs concurrently, we will use the average MPR approach to calculate 

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 due to differences 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 per week.72 

Conversely, Grosset KA et al. and Grosset D et al. used an electronic monitoring system 

to measure adherence among 54 PD patients at a United Kingdom outpatient setting and 

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 – 20 percent 

and 12.5 percent, which might be due to greater attention to medication taking that 

participants received during trials.64, 84 Nevertheless, both studies showed that around a 

quarter of patients mistimed their doses.64, 84 In these clinical studies, PD patients were 

recruited from clinical centers and confirmed by neurological specialists. Thus, the 

likelihood of including false-positive cases in these clinical studies should be low, and if 

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 dosages might 

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. conducted 

a retrospective cohort  study of 104 managed care enrollees with PD aged �  65 years 

during 2000 to 2004, and found that 67% of them had MPR less than 80%.16  Likewise, 

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 to 2004.17 

These studies may be more representative to the general population than studies in 

clinical settings. However, the sample population of the study conducted by Kulkarni is 

small and regional. Moreover, findings from both studies are restricted to managed care 

patients with PD. Further, they may not correctly identify patients with PD. As these 

studies identified PD cases with a broad range of ICD-9 codes [332.0 (paralysis agitans) 

and 332.1 (secondary parkinsonism)], they might have included non-PD cases who were 

diagnosed with secondary parkinsonism. Including the non-PD cases could potentially 

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 to 

APDs (Table 2.3, located at the end of this chapter). Those potential factors are discussed 

as follows: 
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(1) Demographics  

Data regarding the effects of gender and education on patients’ adherence to APDs 

are inconclusive. One study showed male gender and high level of education were 

associated with poor adherence to APDs,72 whereas another study found no such 

correlations.85 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,85 whereas another study showed younger patients did.84   

 

(2) Disease-related factors 

Studies have suggested that poor medication adherence is evident only at an advanced 

stage of PD.77, 78  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 indicating greater severity of 

PD) showed that poor adherence to APDs was observed among PD patients at the 

advanced stage (H&Y III and IV), but not among patients at mild-to-moderate stage 

(H&Y I and II) during a 4-month follow up period.77 In addition, no association between 

PD severity and APD adherence was observed among 54 early-stage PD patients during a 

3-month period.78  These clinical findings suggested that advanced PD patients tended to 

miss drug doses, in part, due to a more complex drug regimen, as compared mild-to-

moderate PD patients. Another disease-related factor of poor medication adherence is the 

diagnosis of depression. PD patients with higher depression scores appeared to have 

lower adherence to APDs, compared to those with lower depression scores.84  
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(3)  Medication-related factors 

 Several studies indicated that adherence worsened with an increasing number of 

drugs prescribed for PD and other comorbidities.16, 64, 84 PD patients with polytherapy 

tended to have lower adherence than did patients with monotherapy.16 Also, patients who 

took PD drugs alone had better daily adherence than patients who took both APDs and 

drug therapy for their co-existing comorbidities. 84 In addition, dose frequency was 

associated with adherence. Once-daily drug users had better adherence than either twice-

daily or three-time-daily drug users.64 

 

(4) Patient knowledge  

A study showed that improving patients’ knowledge on the potential adverse effects 

of dopaminergic therapy, such as nausea and light headedness, might increase the 

percentage of patients taking doses of dopamine agonists at correct time intervals.76  

 

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 such impact. 

Davis et al. examined the association of APD adherence and discontinuation with all-

cause healthcare utilization and costs among 3,119 PD patients in managed care plans 

during 1997 to 2004.17  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 utilization was measured 

over a 12-month period in four services (i.e., hospital, emergency room (ER), physician 
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office, nursing home, and ancillary care). Cost outcomes–total reimbursed medical and 

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 than patients 

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 reported with regard 

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 costs ($3,451, 

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 significantly higher 

healthcare costs ($2,383, P<0.001), which was mainly driven by their higher medical 

costs. Similar results were found when adherence values were treated as a continuous 

variable. No association was found between the discontinuation measure and utilization 

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 services, this 
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association was unadjusted for possible confounding factors, such as age or race. Third, 

the authors did not consider potential adherence bias, or healthy-user effect, where 

adherers might be healthier or engage in health-promoting behaviors, thereby having 

lower healthcare utilization or expenditures.  

Healthy-user effect is a source of bias that has not been given much attention in 

observational studies examining association of medication adherence with healthcare 

utilization and expenditures. In the literature, healthy-user effect is defined as a 

multidimensional construct that incorporates aspects of health-promoting behaviors, 

drug-related factors, and health status.86, 87 Health-promoting behaviors include better 

lifestyle behaviors (e.g., diet and exercise),86 use of preventive health services (e.g., 

screening tests),87 and high adherence to other medical therapy.88 Drug-related factors 

include simplified drug regimen (e.g., once-daily drug), lack of drug side effects, and lack 

of use of concomitant drugs.89  Health status indicators include cognitive function and 

functional status. All these factors in each dimension have been demonstrated empirically 

as significant predictors of better medication adherence. Since these behaviors 

simultaneously contribute to better medication adherence and lower use of healthcare 

services, without adjusting for them would likely overstate the estimates of association 

between medication adherence and utilization and expenditure outcomes. In our study, 

we will use “preventive health services” as a proxy of health-user effect and control 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 as 

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.16, 17 

(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 nonadherence rate among 

patients with PD.16, 17   

(3) Little attention has been paid to several important factors associated with patients’ 

adherence to APDs. First, adverse effects associated with use of APDs, including 

cognitive dysfunction, psychiatric symptoms (psychosis), may hinder medication 

adherence.75, 76  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 medications,75, 76 no data have been reported on such effect on 

APD adherence. Lastly, the roles of receiving neurologist care, number of comorbid 
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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) It 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 settings.17 More 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. 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 APDs. As APDs are generally 

recommended as the mainstay of therapy for the treatment of PD, it is important to 

understand the patterns of use and adherence levels of these drugs among PD patients. 

Although prior research suggests a substantial proportion of PD patients are not using 

(42-44%) and if using are not being adherent to APDs (61-67%), these studies are subject 

to several limitations, such as inaccurate PD identification, outdated data sources, and 

non-representative population. In addition, little attention has been paid to several 

potential important factors associated with APD use and adherence. These 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 burden. Further, it 

remains uncertain whether and to what extent APD use and adherence are associated with 
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healthcare utilization and expenditures, as very limited data are reported in the 

literature.17   

To improve on the drawbacks of the previous studies mentioned above, I plan to 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 332.0 (Paralysis agitans) in two consecutive years. This 

approach ensures that PD patients identified in this study are likely to be true cases. 

Additionally, we measure APD use and adherence by using a nationally representative 

Medicare administrative claims datasets covering more recent periods (2006 and 2007). 

These claims data are contained in the Centers for Medicare and Medicaid Services 

(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 population-based estimates of 

the prevalence of APD use and adherence, and contribute to the development of a better 

understanding of potential factors associated with use and adherence to APDs. These 

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 understanding will 

highlight the importance of optimizing medication use and adherence, while reducing 

medical expenditures of Medicare beneficiaries.  
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Table 2.1: List of antiparkinson drugs8, 9 
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Table 2.2: Studies of factors associated with the use of antiparkinson drugs 
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Table 2.3: Studies of factors associated with adherence to antiparkinson drugs 
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3.  METHODS 

In this chapter, we first detail our data sources and sample selection scheme. Then, we 

describe the operationalization of variables of interest and statistical approaches 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) consist of 

approximately 2.5 million Medicare beneficiaries whose claim account number ended 

with one of these five numbers�05, 20, 45, 70, or 95.90  

The CCW data include detailed medical claims (Parts A and B) from beneficiaries in 

Medicare fee-for-service plans and prescription claims (Part D) from beneficiaries 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 briefly 

describes these four main files in CCW data. 

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

Medicare fee-for-service beneficiaries in inpatient, hospital outpatient, skilled nursing 

facility (SNF), home health agency (HHA), and hospice settings. The Part A claims 
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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 claims: The Part B claims cover services provided for 

Medicare fee-for-service beneficiaries by physicians and suppliers. As with 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’ medication 

use. 

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

to Medicare Part D-covered prescription drugs dispensed to beneficiaries who were 

enrolled in the Part D program. In this study, we selected a subset of these variables, 

including drugs dispensed, dates of drug dispensed, days’ supply, drug from 

(oral/patch/injection), drug strength, and drug costs. Those data allow us to measure 

our medication use variables of interest.  

(4) Denominator files: The 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-income subsidy, 

and date of death. In addition, the denominator file includes beneficiaries’ 

demographic characteristics including age, gender, race/ethnicity, and zip code of 

residence.  

All the CCW data files are linked by an encrypted identification number assigned to 

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

to the lack of Parts A and B claims among the managed-care population. With detailed 

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 medical care utilization 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 received long-term care 

(LTC) along with their length of LTC stay in those facilities. According to the definition 

of LTC suggested by the CMS, LTC is a variety of services that includes medical and 

non-medical care to people with chronic illness or disability who are in need of this care 

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 facilities.91 In this study, we 

focus on patients who received long-term care in facility settings and refer to those 

patients as the “LTC facility patients”. 

LTC facility patients may be in need of medical care (e.g., physical therapy and 

medication administration) that requires the expertise of skilled practitioners. These 

medical services generally are provided at skilled nursing facilities (SNFs) staffed by 

licensed and certified nurses or medical staff. On the other hand, patients in facilities may 

seek non-medical care, such as assisting living care (e.g., dressing and bathing), which do 

not require assistance from skilled practitioners. In this study, we referred to patients who 



�

47�
�

received non-skilled long-term care as “non-SNF patients”, whereas patients who 

received skilled long-term care as “SNF patients”.  

Medication coverage varies by whether patients received SNF care or not, as well as 

the length of SNF stay. For patients whose SNF stay is fewer or equal to 100 days in each 

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 through their drug 

plans, such as Medicare Part D plans.92  

The rationale for identifying LTC facility patients by using the MDS lies in the fact 

that their medication-taking behavior may substantially differ during facility days where 

medications are administered or supervised by staff, as opposed to in community days 

where patients are responsible for obtaining and taking their medications. Medicare Part 

A data only allow identification of facility patients who receive skilled nursing care (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 certified long-term care 

facilities.93 Licensed facilities are mandated to collect and submit assessment data to 

Medicare when patients are admitted to, discharged from, or reentered facilities, or when 

they have significant change in health status. In addition, depending upon how long 

patients stay in facilities, their MDS data may be collected quarterly or annually. With 
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such detailed information on assessment dates provided in the MDS file, we are able to 

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 secondary diagnosis 

of PD (International Classification of Disease, Ninth 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 (99%).48, 49, 94 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 prior to June 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 15, 2006.95  
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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 use. While 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 meaningful estimation.78 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 months (i.e., 180 

days=3 sequential 60-day prescriptions). In our study, we required all study subjects to be 

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) due to the lack 

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 overall use of 

APDs (i.e., whether patients used any APDs) during the 19-month study period. Later, 

when examining duration of APDs, we restricted our analysis to those patients who had 

at least two APD fills since two or more prescription fill dates were required to 

operationalize duration of therapy according to its definition (i.e., days from the first to 

the last fill plus the days’ supply of the last fill.78-80 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.78-80   
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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 the primary or 

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 a sub-sample of 

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

Final sample of Medicare PDP enrollees with PD

8,758 

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

8,758 8,178

Had no HMO coverage from 1/1/2006 through 12/31/2007 or the date of death

16,936 810 

Continuously enrolled in Part A & B from 1/1/2006  through 12/31/2007 or the date 
of death

17,746 486

Survived through  12/31/2006

18,232 36

Diagnosed with PD in both 2006 and 2007

18,268 19,640

Inclusion criteria

N Left N Excluded

Diagnosed with PD in 2006 or 2007
37,908

5% CCW Sample

2,529,285 (2006) / 2,570,692 (2007)

�
Note: In the final PD sample (n=8,758), 1,272 patients had no APD use, while 7,706 patients used �  1 
APD. Of the 7,706 APD users, 7,583 patients had � 2 APDs, while 123 patients had single APD during the 
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 in CCW Part 

A SNF claims to determine whether patients stayed in LTC facilities and their length of 

LTC stay. We detailed the algorithm for identifying LTC facility patients 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 in use of APDs 

between community patients and LTC patients. It is noted that in this study, the use of 

APDs was measured over the 19-month study period, except for days in which patients 

stayed in Medicare-paid Part A SNFs and hospitals. This is because drugs filled 

during such days are bundled under Medicare Part A payment and not available for 

measurement.96 The following table lists the types of LTC services measured, 

corresponding datasets used for identifying the services, and the availability of Part D 

claims. 

 

Types of LTC services Dataset(s) for identifying LTC 
services 

Availability of Part D 
claims  

Skilled nursing services    
Medicare paid SNF Part A SNF claims and MDS data Not available (bundled 

under Part A payment) 
Non-Medicare paid 
SNF  

Part A SNF claims and MDS data Available  

Non-skilled nursing 
services (i.e., assisting 
living care) 

MDS data Available  
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3.3. Operationalization of variables  

In this section, we detail the operationalization of three constructs for this study: (1) 

APD use (including primary and secondary measures), (2) healthcare utilization and 

expenditures, and (3) factors of interest associated with primary APD use measures.  

 

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.90 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 names are listed in Table 

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 excluded from the 

multivariate analyses of Aims 2 and 3 due to the short market life of rotigotine in the U.S. 

(from June 2006 to April 2007),58 rare use of apomorphine,8, 9 and withdrawal of 

pergolide on March 29, 2007.59  

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, and treatment therapy 

(mono- vs. combination-therapy). Monotherapy users were defined as using a single class 

alone at any given time during the study period or using multiple classes concomitantly 

for less than 30 days. Combination-therapy users were defined as using two or more 

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-therapy users.97 

Table 3.1: Antiparkinson drugs measured in the PD sample during 2006–20078, 9 

Class 
Generic name 

(year of availability) 

Brand name 
(year of approval; year of 

discontinuation) 

Dopamine 
precursors 

Carbidopa Lodosyn® (1977) 
Levodopa Lardopa®  (1970; 2001) 
Carbidopa/Levodopa (1992) Sinemet®(1975), Sinemet CR® (1991) 
Carbidopa/Levodopa/ 
Entacapone 

Stalevo®  (2003) 

Dopamine 
agonists 

Pergolide Mesylate (2002, 
discontinued in 2007)  

Permax®  (1988; 2007) 

Bromocriptine Mesylate (1998) Parlodel®  (1978) 
Pramipexole  Dihydrochloride  Mirapex® (1997) 
Ropinirole Hydrochloride (2007) Requip®; Requip® XL (1997) 
Rotigotine  Neupro®  (2007; 2008) 
Apomorphine Hydrochloride  Apokyn® (2004) 

MAOB 
inhibitors 
 

Selegiline Hydrochloride (1987) 
Eldepryl®  (1996), Zelapar®(2006)  
Emsam® (2006) 

Rasagiline Mesylate  Azilect® (2006) 

COMT inhibitors 
Entacapone Comtan®  (1999)  
Tolcapone Tasmar® (1998) 

Anticholinergics 

Benztropine Mesylate (1985)   Cogentin®  (1954) 
Biperidan Hydrochloride Akineton® (1959) 
Trihexyphenidyl Hydrochloride 
(1989)  

Artane® (1949; unknown)  

Procyclidine Hydrochloride Kemadrin (1955; 2007) 
Amantadine Amantadine Hydrochloride (1987)  Symmetrel® (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 APDs plus the 

days’ supply of the last fill, date of death, or December 31, 2007, whichever came first.78-
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80  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 measurement.96  

 

3.3.1.c. Adherence to APDs 

Medication adherence was measured with the Medication Possession Ratio 

(MPR), calculated as the total days’ supply of any of the studied APDs (numerator) 

divided by duration of therapy with these agents (denominator) from June 1, 2006 to 

December 31, 2007 or the date of death, whichever came first.78-80 When calculating the 

numerator, we included days’ supply carried over from prescriptions filled prior to June 

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 Part A paid 

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 is 

over 1 may indicate either overuse or early refill. We calculated MPR values at the drug 

level, the drug class level, and the patient level. Examples of MPR calculation at the 

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 adherence to a single 

class of drugs with no overlap between drug prescriptions. However, when measuring 

adherence to multiple drug classes with overlap(s) at the patient level, this simple MPR 

algorithm would likely overestimate the adherence for each individual.82 The reason for 

such overestimation is that concurrent use of multiple drugs likely increases the total 
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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 with multiple 

current APDs, a “weighted-average MPR” approach was used.83 This approach has been 

suggested as a standardized method for measuring adherence to multiple drug regimens 

most likely to be employed in control of moderate-to-advanced PD symptoms.83, 98 We 

used this weighting approach to account for differences in DOT across different drug 

classes that overlap one another to some extent. This approach began by (1) calculating 

MPR for each drug class; (2) obtaining the weighting factor of each drug class, calculated 

as the proportion of DOT within a single class divided by the sum of DOT across all drug 

classes; (3) multiplying the drug-class MPR by its weighting factor; and (4) finally 

summing the weighted MPRs across all drug classes filled by each patient to obtain the 

weighted-average MPR at the patient level. The formula of the weighted-average MPR at 

the patient level is shown as follows: 

Weighted-average MPR at the patient level =����� � �
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where 1, 2,..n refers to drug classes. Examples of weighted-average MPR calculation are 

shown in Figures 3 to 5, and are detailed in Appendix B.2. 

In addition to assessing adherence at individuals with concurrent classes of APDs, 

we also measure adherence at the drug class level where multiple drugs within a class are 

concurrently filled, and at the drug agent level where multiple dosing strengths of a drug 

are concurrently filled by using “weighted-average MPR” approach. As with the 

simplistic form of MPR, the “weighted-average MPR” ranges from 0 to over 1 with a 
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value closer to 1 indicating better medication adherence. The MPR that is over 1 may 

indicate either overuse or early refill.77-80   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 patient-level MPR 

and examine factors associated with the patient-level MPR and its influence on healthcare 

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 examined to 

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 in APD use between 

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.b. APD interruptions 

  Interruptions were calculated to assess patients’ medication-taking behaviors from 

a different perspective—whether and to what extent a patient had any interruptions in 

APDs between their APD prescription fills.78, 79 The interruption was measured as a 

continuous gap of 30 or more days without any APD drugs between fills during the study 

period.78, 79 When measuring APD interruptions, we excluded both Medicare Part A 

covered hospital and SNF days as drug information in these settings was unavailable. 

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

 
3.3.2.c. Switching and augmentation of APDs  

  Switching and augmentation were assessed because changes in drug regimens are 

common in PD treatment,75, 99 yet whether and to what extent patients experienced those 

changes are rarely explored.49 Switching 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. As a result, those 

regimen changes could lead to treatment complexity and then adversely affect patient 

adherence. We used the Part D file to measure the occurrences of switching and 

augmentation of APDs for each patient. The operationalization of these two specific 

measures are described as follows: 

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

to replace the APD previously prescribed.78, 82, 100 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 dose reduction, 
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while the subsequent different therapy is initiated. In this study, measurement of drug 

switching requires that there is no refill for the previous drug after a new drug is 

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 change could be 

either overlap switching when the previous and the subsequent APDs overlap, or non-

overlap switching when the two drugs do not. 

(2) Augmentation occurrences are 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 during the study 

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 experiencing any 

switching and/or augmentation occurrences during the follow-up period; (2) switching 

and augmentation rates by drug class, defined as the number of occurrences divided by 

the total patient-years of follow up for each drug class; and (3) the number and 

percentage of switching and augmentation occurrences between drug classes. In the 

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 the patient level. 

This variable was then included as a covariate in regression models to control for its 

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 the following five 

services: 

(1) Hospitalization events were measured based on the date of admission derived from 

Part A inpatient data. We calculated the total counts of hospitalizations at the patient 

level by summing all events that occurred during the study period.  

(2) Emergency room (ER) visits were 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).101, 102 These 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) episodes were measured based on the admission 

dates derived from Part A SNF data. With these data, we were able to capture both 

Medicare-covered and Medicare-non-covered SNF episodes, as facilities are required 

to submit claims for skilled nursing care services regardless of whether or not the 

services are covered by Medicare.103 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) episodes were 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 setting were identified from Part B Carrier 

and Durable Medical Equipment file through HCPC codes (99201, 99202, 99203, 

99205, 99211, 99212, 99213, 99214, and 99215).102 The total count of physician 

visits was then calculated at the patient level. 

We list the CCW datasets and relevant variables used to measure the five types of health 

services utilization in Table 3.2.  

 
Table 3.2: Datasets and variables for the measurement of five types of health services  
Health services utilization Datasets Variables for utilization (short name  in datasets) 

Hospitalizations  Part A inpatient 
claims 

�  Claim admission dates (admsn_dt) 

Emergency room visits Part A outpatient 
hospital claims 

�  Revenue center code (rev_cntr) : 0450, 0451, 
0452, 0456, 0459, and 0981 

Part B carrier 
claims 

�  Place of service code (plcsrcv): 23   
�  HCPC codes (hcpcs_cd): 99281, 99282, 99283, 

99284, 99285, 99286, 99287, and 99288. 
Skilled nursing facility (SNF) 
episodes 

Part A SNF claims �  Claim admission dates (admsn_dt) 

Home health agency (HHA) 
episodes 

Part A HHA claims �  Claim admission dates (admsn_dt) 
 

Physician visits at 
office/clinical settings  

Part B carrier and 
Durable Medical 
Equipment claims 

�  HCPC codes (hcpcs_cd): 99201, 99202, 99203, 
99205, 99211, 99212, 99213, 99214, and 99215. 

 

To determine whether the relationships of APD use and adherence and healthcare 

utilization differed for all-cause and disease-specific utilization outcomes, we analyzed 

each of these five healthcare services by collapsing them into three disease-specific 

groups: (1) all causes, (2) PD only, defined as services with a primary or secondary 

diagnosis code of PD,  and (3) comorbidities commonly seen in PD patients, as oppose to 

the general comorbidities measure described later in this chapter. Utilization relative to 
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those PD-related comorbidities was defined as services with a primary or secondary 

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 payments for Parts A, 

B, and D services for each beneficiary during the 19-month study period. Payment 

sources included individuals (i.e., patient’s deductibles, coinsurance, and co-payment), 

Medicare, and non-Medicare program as a primary payer (non-Medicare programs 

include private insurance, Medicaid, workers’ compensation, and public sources). Table 

3.3 lists CCW datasets and relevant variables used to measure costs for Part A, B, and D 

services. 

We then summed the Parts A, B, and D expenditures together to yield total 

medical expenditures. The total expenditures consist of payments from Medicare, non-

Medicare, and patients for all Medicare services, except for the services covered under 

the Part C. In this analysis, we treated these four types of expenditures as a continuous 

variable and reported the means and stand deviations. We were not able to analyze 

healthcare expenditures by the three specific disease groups (i.e., all-cause, PD-only, and 

PD-related-comorbidities) due to the inability to differentiate costs incurred by treating 

PD and other comorbidities of a patient.  
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Table 3.3: Datasets and variables for the measurement of spending for Parts A, B, and D services 
Medicare 
services Datasets Variables for spending (short name  in 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 
claims 

�  Claim payment amount from Medicare (pmt_amt) 
�  Claim payment amount not from Medicare (prpayamt ) 
�  Beneficiary deductible amount (ptb_ded)  
�  Beneficiary coinsure liability amount (ptb_coin) 

 Skilled nursing facility 
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) 

Home health agency 
claims 

�  Claim payment amount from Medicare (pmt_amt) 
�  Claim payment amount not from Medicare (prpayamt ) 
Note: Part A HHA services were identified through the claim 
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 
equipment claims  

�  Claim payment amount from Medicare (pmt_amt) 
�  Claim payment amount not from Medicare (prpayamt ) 
�  Beneficiary deductible amount (dedapply) 

Home health agency 
claims 

�  Claim payment amount from Medicare (pmt_amt) 
�  Claim payment amount not from Medicare (prpayamt ) 
Note: Part B HHA services were identified through claim 
identification codes O, W, or U. 

Part D Prescription drug event 
files 

�  Drug payments the plan paid for covered Part D drugs (cpp_amt) 
�  Drug payments the plan paid for non-covered drugs (npp_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 Troop-eligible 

(e.g.,VA) (plro_amt) 
�  Drug payments by other payers that are Troop-eligible (e.g., 

Pharmacy assistance program) (othroop) 
�  Drug payments including ingredient cost, dispending fee , 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 neurologists, depression, cognitive 

conditions (including Alzheimer’s diseases, dementia, and psychosis), comorbidities, 

drug burden, changes in APD therapy, use of preventive health services, residential 

status, and length of long-term care (LTC) stay. We detailed the measurement of the 

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, or � 85 years), (2) sex (male or female), (3) race 

(white, black, Hispanic, Asian, or other including North American Native and other racial 

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 regions.104 We attempted to analyze the residency 

data based on the 9 census divisions to obtain a finer measure. However, classifying 

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 level, rather than the 

division level. 

 

3.3.4.b. Low-income subsidy 

 Beneficiaries with low-income-subsidy (LIS) were defined as those who received 

financial assistance (i.e., premium, deductible, and drug copayment) for their drug plans. 

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

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 drug costs from 

their pockets.105 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. The remaining 

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 periods. For 

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

their drug plans for more than half of their observation periods (e.g., being a LIS receipt 

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 beneficiaries 

enrolled in their Part D plans before or after January 1, 2006. Patients who enrolled prior 

to such date were classified as the early enrollees, whereas patients who enrolled during 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 consist of a 

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 beneficiaries who 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 expensive annual cost 

in their residential area to ensure that they can get access to medications needed. Since 

these beneficiaries tend to be poor and sick, they are likely to use more healthcare 

resources. The second reason for distinguishing the early vs. the late enrollees is that the 

early enrollees tend to have a greater need for drug plans in order to cover their 

prescription drugs. Accordingly, the early enrollees are expected to have higher 

utilization of prescription drugs, compared to the late enrollees.   

 

3.3.4.d. Whether seen by neurologists 

 Whether patients were seen by neurologists was measured using Part B claims 

through CMS physician specialty codes. Patients who had Part B services provided by 

neurologists (specialty code 13) were classified as ever receiving care from neurologists 

during the study period. Otherwise, they were classified as not receiving care from 

neurologists during the study period. We focus on the care provided by neurologists 

because such providers have specialized training in neurodegenerative diseases, such as 

PD, and they may provide a better treatment plan tailored to PD patients. In this study, 

we hypothesized that PD patient who consulted neurologists may have different 

medication-taking behaviors from patients who did not.  

 

3.3.4.e. Depression 

 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 30%-40% of PD 

patients also diagnosed with depressive symptoms.37-39  Prior studies had suggested that 

depression might affect the medication-taking behaviors of patients with chronic 

diseases, including PD.76, 84, 106 In our study, patients were classified as having depression 

if they had any Part A and B claims with the diagnostic codes of depression; otherwise, 

they were classified as not having depression. In the subsequent regression models, we 

analyzed depression as a binary variable and examined its effect on the drug utilization 

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 C) in any diagnosis 

position on the Part A and Part B claims. Studies have suggested that these three diseases 

are important indicators associated with significant deficits in cognitive function among 

PD patients.107-110 For each of these three cognitive conditions, a binary indicator variable 

(1=yes, 0=no) was created to signify whether patients had any Parts A or B claims with 

diagnostic codes for the condition of interest. In multivariate analyses, we summed the 

values of these three binary indicator variables (corresponding to psychosis, Alzheimer’s 

disease, and dementia) together for each patient to yield a total count of diseases (ranging 

from 0 to 3) at the patient level. This total disease count reflects patients’ overall 

cognitive function, with a higher disease count indicating a poor cognitive function. We 
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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: those with 

0, 1, or 2-3 cognitive diseases.  

 

3.3.4.g. Comorbidities 

 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, because the first four 

diseases were examined in the statistical models and PD was the study disease). The list 

of those diagnostic categories identified based on ICD-9-CM codes has been empirically 

examined in the Diagnostic Cost Group/Hierarchical Coexisting Condition (DCG/HCC) 

model originally developed by CMS for setting Medicare Advantage capitation payment 

rates.111 This method has been widely used as a risk adjuster because it provides better 

predictability of healthcare utilization outcomes (e.g., hospitalizations) than other 

methods.112-115 In 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 into quartiles 

(i.e., Quartile1=1-6 conditions, Quartile2=7-8 conditions, Quartile3=9-10 conditions, and 

Quartile4=11-22 conditions).  
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3.3.4.h. Drug 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 in general. Prior 

studies demonstrated an inverse association between the number of drugs taken and 

medication adherence among patients with chronic diseases, such as cardiovascular 

disease,116 and hypertension.117 However, it is unclear whether this association exists 

among PD patients. In this study, we hypothesized that PD patients with greater drug 

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 total number of 

non-PD drugs (i.e., overall drug burden) is associated with patients’ decision to take 

APDs. In the subsequent regression models, we grouped patients into quartiles based on 

the distribution of non-PD drugs (i.e., Quartile1=0-7 drugs, Quartile2=8-12 drugs, 

Quartile3=13-18 drugs, and Quartile4=19-76 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 with �  2 APDs). In 

this analysis, we calculated the drug burden as the aggregated drug counts (including PD 
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and non-PD drugs). In the subsequent regression models predicting these two APD use 

measures, patients were categorized into quartiles based on the distribution of the 

aggregated drug counts (i.e., Quartile1=0-9 drugs, Quartile2=10-14 drugs, Quartile3=15-

20 drugs, and Quartile4=21-78 drugs).  

 

3.3.4.i. Change in APD therapy 

 Changes in APD therapy were included as a covariate in analyses of two APD use 

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 occurrences of switching and 

augmenting of APDs for each patient. The total occurrences of both ranged from 0 to 8 

with a higher frequency of occurrences indicating a higher degree of changes in APD 

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 regression analyses.    

 

3.3.4.j. Use of preventive healthcare services 

 Use of preventive healthcare services was measured to determine the “healthy-

user effect”, or adherence bias, where adherers tend to be healthier or engage in health-

promoting behaviors, thereby having lower healthcare utilization or expenditures.87, 118, 119 

In order to control for such bias, we measured the use of four preventive healthcare 

services, including influenza vaccinations, colorectal cancer screening, prostate cancer 
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screening (for male patients), and mammography screening or pap smears (for female 

patients).87 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 service use for 

each patient ranged from 0-3, with a higher number indicating healthier behaviors. Due to 

few patients (n < 200) undergoing all three preventive services, we combined patients 

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 multivariate analyses. 

Table 3.4: HCPC/CPT and ICD-9 codes of selected preventive services120 
Preventive services HCPCS/CPT Codes  ICD-9 Codes 
Influenza  Vaccination  90732,90724, 90658,G0008  V04.81 (only influenza), 

V06.6 (both 
pneumococcal and 
influenza) 

Mammography screening 
(Female only) 

76082, 76083, 76085, 76090, 76091, 76092, 
77051,  77052, 77055, 77056, 77057, G0202, 
G0204, G0206, 

V76.11 or V76.12 

Pap smear (Female only) G0101, G0124, G0141, Q0091, P3000, P3001, 
G0123, G0143, G0144, G0145, G0147, G0148 

V76.2,V76.47,V76.49, 
V72.31,V15.89 

 
88141,88142,88143,88147,88148,88150,88151,
88152,88153,88154,88155,88156,88157,88164,
88165,88166,88167,88174,88175  

Prostate cancer screening  
(Male only) 

84153, 84154, G0103, G0102, 
V76.44 

Colorectal cancer 
screening 

82270, 82272, 82274, 82270, G0328, G0107, 
G0104, G0105, G0106, G0120, G0121  

 

3.3.4.k. Length of long-term-care stay 

The length of long-term-care (LTC) stay was defined as the number of days over 

which patients stayed in facilities with needs for long-term care, including skilled nursing 

care or non-skilled care (i.e., assisting living care). The rationale for including this 

variable is that patients with a longer LTC stay tend to have better medication adherence 

because they receive direction administration assistance or at least supervision with 

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 LTC stay. In our 

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 (52.5%) of the 

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 over the study 

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.l. 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 community as well 

as facility during the 19-month study period. In our analyses, based on where and for how 

long patients stayed, patients were classified into three groups: (1) those who stayed 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 (detailed in Appendix A). 

 

3.3.4.m. Other 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 in 2007 was 
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measured as a dichotomous variable indicating whether patients were dead or alive 

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 three primary 

APD use measures (i.e., any use, duration, and adherence) overall and by treatment form 

(i.e., mono- and combination-therapy), drug class, and individual drug agents. APD use 

was analyzed as a dichotomous variable (any use or no use). Duration of therapy (DOT) 

and adherence (measured as MPR) were measured among patients with two or more 

prescription fills of any studied APDs. DOT was analyzed as a categorical variable using 

the quartile cut-off points (Quartile1 �  145 days, Quartile2:146-290 days, Quartile3: 291-

435 days, and Quartile4: 436 -579 days). As well, adherence was examined as a 

categorical variable, and patients were divided into six groups based on their 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 use were assessed 

among overall PD sample, patients with monotherapy, and patients with combination-

therapy. APD interruptions were reported with respect to the percentages of patients 

experiencing any interruption and patients with different lengths of interruptions (e.g., 30 

days or 31-60 days). We reported interruption overall and by treatment-form (mono- and 

combination-therapy). In terms of switching/augmentation occurrences, we reported (1) 

the percentage of patients who experienced regimen changes; (2) rates of switching and 

augmentation– defined as the number of occurrences divided by the total patient-years of 

follow up– by drug class; (3) the number and percent of switching and augmentation 

occurrences between drug classes.   

 

3.4.1.b. Additional 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 use varied by Part 

A SNF status and the length of Part A SNF stay, because patients who had Part A SNF 

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 unavailable). We compared 

APD use between patients with and without Part A SNF stay. Further, within patients 

with Part A SNF stay, APD use were compared across four groups defined by their length 

of Part A SNF stay: (1) patients with 1-30 days, (2) patients with 31-60 days, (3) patients 

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 with �  100 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 measurements of APD 

use (i.e., any use, duration, adherence, and switching/augmentation) and reported these 

data overall and by drug class.   

The second additional analysis was to examine three APD measures –any use, 

duration, and adherence–across patients with different residential status. We classified 

patients into three types of residential status: (1) patients who stayed in the community 

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 LTC stay(s) some 

time during the study period. We performed this analysis with the assumption that 

patients’ medication-taking behaviors substantially differ during LTC days where 

medications are either administered or closely supervised by staff, as opposed to during 

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 with different 

residential status by using Chi-square tests, or Fisher’s exact tests if sample 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 variance (ANOVA), 

followed by Duncan’s tests for identifying the difference in means between the groups 

when ANOVA indicated significance.  

 

 



�

76�
�

3.4.2. Statistical analyses for Aim 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 and clinical 

characteristics of Medicare PDP enrollees with PD, overall and by three major APD use 

measures (any use, duration, and adherence). We examined unadjusted differences in 

characteristics with these three APD measures using Chi-square tests for categorical 

variables (e.g., gender). The multivariate analyses consisted of two parts. In the first part, 

we used Heckman’s two-stage approach to correct for potential sample selection bias 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 analyses to test our 

three hypotheses in Aim 2, controlling for the sample selection bias if existed. In the 

following sections, we first detail the analytical methods for sample selection bias, and 

subsequently describe the statistical models for multivariate regression.  

 

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 could be present in 

the Medicare Part D population and then describe the Heckman’s two-stage estimation 

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 voluntary for eligible 

beneficiaries, except for the dual Medicare/Medicaid eligibles or LIS recipients.95 The 
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beneficiaries can decide whether to participate in the program, and if so, which of the two 

drug plans (stand-alone prescription drug plans, PDPs or Medicare Advantage 

prescription drug plans, MA-PDs) best meets their needs. This free-to-choose option 

inevitably leads to a selective, non-random distribution of beneficiaries enrolled in PDPs 

and MA-PDs.  In fact, a survey of beneficiaries enrolled in the Part D plans has revealed 

significant characteristic differences between PDP and MA-PD enrollees, where the 

former tended to be sicker, poorer, and use more prescription drugs than the later.121 

Given poorer health conditions among the PDP enrollees, they might have higher 

healthcare utilization, compared to the MA-PD enrollees.121  

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 cannot be 

generalized to the broader Part D population, and are only limited to the PDP enrollees. 

Also, using the PDP-only sample could introduce a sample selection bias, which is 

caused by using a non-random selected sample for statistical analysis.122 This bias could 

attenuate, augment, or change the direction of the estimates of the association between 

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 enrollees with 

Parkinson’s disease, we used Heckman’s two-stage approach.122 In the 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 IMR represents the 

effect of all unobserved variables that can influence beneficiaries’ decisions to enroll in 

PDP. In the second stage, we included the IMR multivariate regression models for testing 

hypotheses in Aim 2, and tested whether the IMR significantly predicted the outcomes of 

interest. We detail the procedures of the two-stage Heckman correction model as follows: 

 

First stage: predict PDP enrollment  

In the first stage, a probit regression model was used to predict the probability of 

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 enrolled in 

MA-PD; the probability is modeled as a linear combination of the predictor variables, X, 

and their parameter estimates, b; and, �  is the cumulative distribution function (CDF) for 

the standard normal distribution. The probit model estimates the probability of enrolling 

in PDPs, conditional on observed factors (e.g., gender and race). Further, it generates the 

cumulative probability distribution of PDP enrollment. Then, the probability of PDP 

enrollment is divided by its cumulative probability distribution, which generates Inverse 

Mills Ratio (IMR). IMR represents the effect of all unobserved variables that can 

influence beneficiaries’ decisions to enroll in PDPs. 
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We conducted the probit analysis predicting PDP enrollment among the entire 2006-

2007 5% CCW population who had evidence of enrollment in Part D plans (either PDPs 

or MA-PDs). We selected this entire Part D population using the CCW denominator files 

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 Medicare Advantage 

prescription drug plans available to beneficiaries, derived from the Kaiser Family 

Foundation analysis of the CMS Medicare Advantage Landscape Source file for 2006, 

and (2) percentage of employees offered health insurance, derived from 2006 Medical 

Expenditure Panel Survey (MEPS). These two variables were measured at state level but 

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 associated with PDP 

enrollment (vs. MA-PD enrollment); (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 enrollment and the covariates. We then 

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 Inverse Mills Ratio (IMR) for 

each beneficiary with evidence of Part D enrollment. The following equation shows the 

functional form of the probit model: 
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Pr [PDP enrollment >0] = � 0 + � 1 Age + � 2 Gender + � 3 Race + � 4 Residency + � 5 Death in 2007 + 
� 7 Comorbidities + � 8 # of PDP plans available at the state level+ � 9 percentage of employees 
offered health insurance at the state level 

 

Second stage: correct sample selection bias by incorporating Inverse Mills ratio (IMR)  

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 significantly 

associated with any APD use, which suggests a presence of sample selection bias in 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 95% CIs and P-

values for all models. In the following sections, we detail multivariate regression 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, have 
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 with APD use 

(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 use (i.e., 

percentage of patients with APDs) over the 19-month study period. We estimated the 

associations between the prevalence of APD use and related factors by using prevalence 

rate ratio (PRR). For example, the 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 calculated as the prevalence 

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 that for the males. 

  Use of APDs  
  Use 

(patients) 
No use 

(patients) 
Total 

Gender 
Females 4,613 636 5,249 
Males 3,093 416 3,509 

    8,758 

                         PRR=
�
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To obtain adjusted PRR, we used the “Modified Poisson” approach. This approach 

has been demonstrated effective for accurate estimations of PRR,123 and is widely used in 

studies with prevalence outcomes.124, 125  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” estimation.126 

Using the log-Poisson model allows us to obtain “rate ratios” without having non-

convergence issues raised by using log-binomial models. Binomial models may not 

converge to correct estimates due to restrictions on the parameter space bounded by 0 and 

1, thus not being able to generate “rate ratio” estimates. The additional use of robust 

standard errors is to prevent the overestimation of standard errors likely occurring in the 

log-Poisson models.  

Before performing multivariate analyses, we examined potential multicollinearity 

among independent variables using tolerance and variance inflation factor (VIF) 

diagnostics.127 Tolerance represents the degree to which the variance of an outcome 

explained by an independent variable is not related to that of other independent variables 

in the model. Tolerance ranges from 0 to 1, with a higher tolerance indicating a lower 

degree of multicollinearity. Tolerance is calculated as “Tolerance=1-Ri
2 “, where Ri2 
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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 higher degree of 

multicollinearity. A beta coefficient of a variable with a VIF of 2, for example, means 

that its variance estimate is 2 times higher than it would be without multicollinearity. In 

our study, a VIF of 2 or higher, or tolerance of �  0.5 suggests the presence of 

multicollinearity problem among independent variables.128   

After examining the multicollinearity, we excluded two factors: (1) “residential 

status”, which had a VIF of 6 due to its high correlation with LTC stay, and (2) “Part D 

drug observation period”, which had a VIF of 5 because of its high correlation with death 

in 2007. Not only were they highly corrected, but “residential status” explained less of 

the variance of APD use outcomes than did LTC stay (0.5% vs. 1.0%).  As well, “Part D 

drug observation period” accounted for less variance than did death in 2007 (0.2 % vs. 

0.4%). After excluding these two factors (“residential status” and “Part D drug 

observation period”), 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 estimates of PRR for 

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

  

(1) Log [Pr (APD Use=1)] = � 0 + � 1 Age + � 2 Gender + � 3 Race + � 4 Resident region + � 5 LIS 
status + � 6 Early/late enrollment  + � 7 Neurologist visits  + � 8 Comorbidities + � 9Depression  +  
� 10 Cognitive function + � 10 # of non-PD drugs + � 11LTC stay +  � 12 preventive services use+  
� 13 Death in 2007  + � 11 Inverse Mill’s Ratio (IMR) 
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Table 3.5: Operationalization of independent variables in 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 including Hispanic, Asian, and other 

race/ethnicity 
Residency  Categorized as northeast, northcentral, south and waste based on US census region  
Low-income subsidy 
(LIS)  status 

Dichotomized as LIS if patients received full or partial subsidy for Part D plan 
premium and drug costs over the half of the observation period; otherwise, non-LIS 

PDP Enrollment period Dichotomized as early enrollees if patients enrolled prior to January 1,  2006, or 
late enrollees if they enrolled between January 1, 2006 and May 15, 2006 

Seen by neurologists Dichotomized as ever seen if patients had service(s) with the CMS specialty code 
13, or not seen, otherwise 

Depression Dichotomized as depressive patients if they had at least one depression claim, or 
non-depressive patients, otherwise 

Cognitive conditions Categorized as 0, 1, or 2-3 cognitive conditions based on the distribution of the 
cognitive counts 

Comorbidities  Categorized into four groups (1-6, 7-8, 9-10, 11-22) based on the 25th, 50th, and 75th 
percentile of the distribution of comorbid counts 

Changes in APD 
therapy1 

Categorized as 0, 1, or 2-7 changes based on the 50th  and 75th percentile of the 
distribution of overall switching/augmentation occurrences 

Drug burden Categorized into four groups (0-7, 8-12, 13-18, 19+) based the 25th, 50th, and 75th 
percentile of the distribution of non-PD drug counts. 
1Categorized into four groups (0-9, 10-14, 15-20, 21+) based the 25th, 50th, and 75th 
percentile of the distribution of overall PD and non-PD drug counts.  

Long-term care (LTC) 
stay 

Categorized as 0 month (i.e., community patients), 1-12 months, and 13-19 months 
based on the 50th  and 75th percentile of the distribution of LTC stay 

Preventive service use Categorized as 0, 1, and 2-3 uses based on the distribution of number of preventive 
service use 

Death in 2007 Categorized as yes if patients died, or no if patients were alive. 
Inverse Mill’s Ratio Included as a continuous variable 
1Variables were controlled in model with duration or adherence 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 more likely to 
have longer duration of APD therapy.  

 
A multivariate analysis was conducted to examine factors associated with duration 

of therapy (DOT) among the 7,583 patients with �  2 prescriptions of any studied APDs 

(two fills were required to measure DOT). Due to the highly left-skewed distribution of 

DOT, we analyzed it as a categorical variable and divided patients into quartiles based 

on the distribution of DOT cut-points (� 400 days, 401-539 days, 540-578 days, and 579 

days). We are unaware of any software available for fitting multinomial types of 

regressions for prevalence rate ratios (PRRs), the main estimates of interest. Current 

software for multinomial models is designed to estimate “odd ratios” (ORs), rather than 

PRRs, and it estimates the ORs simultaneously. Thus, we then performed a series of 

separate binary models comparing each group against the reference group, and each 

model used the Modified-Poisson regression with robust standard errors to obtain PRRs. 

As illustrated in the following, there are three separate single binary models and each 

model generates the estimates of factors of interest (e.g., age) for a given DOT subgroup 

compared to the reference group (DOT � 400 days).  

 
 Binary Model 1: DOT 401-539 days group (vs. DOT � 400 days) =X0+ X1* age +… 
Binary Model 2: DOT 540-578 days group (vs. DOT � 400 days) = X0+ X1* age +… 
Binary Model 3: DOT 579 days group (vs. DOT � 400 days) = X0+ X1* 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 skewness, we are 

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

utilization/expenditure outcomes (our main analyses in Aim 3). The categorical DOT 

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 from doing 

so because the log-transformed DOT remained skewed with a large degree of clusters 

having the longer duration.  

After the examination for multicollinearity using tolerance and variance inflation 

factors (VIF) diagnostics, we included 14 independent variables of interests shown in 

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 status” and “Part D drug observation period” were excluded due to their 

high collinearity with LTC stay, and death in 2007, respectively. We performed three 

separate binary models regressing each of the three duration subgroups: (medium, long, 

maximum DOT) against the reference group (short DOT). In each model, we reported 

adjusted estimates of PRR along with 95% confidence intervals (CI) and P-values.   

 

(2) Log [Pr (medium, long, or maximum DOT vs. short DOT)]= � 0 + � 1 Age + � 2 Gender + � 3 
Race + � 4 Residence + � 5 LIS status + � 6 Early/late enrollment  + � 7 Neurologist visits  + 
� 8Comorbidities + � 8 Depression  +  � 9Cognitive function + � 10 # of PD and non-PD drugs + 
� 11 Changes in PD therapy  + � 12 LTC stay +  � 13 preventive services us +  � 14 Death in 2007  + 
� 15 Inverse Mill’s Ratio (IMR) 
 

 

 



�

86�
�

3.4.2.d. Hypothesis testing for H2.3 

H2.3: 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 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 as MPR), a 

multivariate analysis was conducted among the 7,583 patients using �  2 APD 

prescriptions (two data points were required to measure MPR). Due to the highly skewed 

distribution of MPR (i.e., 52.1% of the APD users with an MPR of � 0.9), we treated 

adherence as a categorical variable, and divided patients into quartiles by the distribution 

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 of � 1.00 (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 of �  1.00 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 PRRs in a multinomial 

regression model where the pairs of categories on outcomes are compared 

simultaneously. Thus, we performed three separate binary models regressing each of 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.e., �  0.79). For each binary 

model, the Modified-Poisson regression with robust standard errors approach was used to 

generate PRRs . We included 14 factors in the final model for testing Hypothesis 2.3 after 
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performing multicollinearity diagnoses (Equation 3). The operationalization of those 14 

variables is listed in Table 3.5. As mentioned earlier, we refrained from including two 

variables–residential status and Part D drug observation period– due to their high 

collinearity with LTC stay and death in 2007, respectively. In these models, we reported 

adjusted estimates of PRR for higher adherence (i.e., moderate, high, and optimal MPR) 

with 95% CIs and P-values.   

(3) Log [ Pr (moderate, high, or optimal MPR vs. low MPR)]= � 0 + � 1 Age + � 2 Gender + � 3 
Race + � 4 Residency + � 5 LIS status + � 6 Early/late enrollment  + � 7 Neurologist visits  + 
� 8Comorbidities + � 8 Depression  +  � 9Cognitive function + � 10 # of PD and non-PD drugs + 
� 11 Changes in PD therapy  + � 12 LTC stay +  � 13 preventive services use +  � 14 Death in 2007 
+ � 15 Inverse Mill’s Ratio (IMR)  
 

The following table summarizes statistical models for testing hypotheses in Aim 2.  

Hypothesis Dependent variables Independent variables Statistical models 
  H 2.1 Use of APDs  

(use vs.  no-use) 
Age, gender, race, residency, seen by 
neurologists, LIS status, depression, 
comorbidities, cognitive conditions, 
drug burden,  LTC stay,  preventive 
services use,  and death in 2007 

Modified-Poisson 
generalized linear model 
(GLM) with sandwich 
estimation 

  H 2.2 Duration of therapy  
(�  400, 401-539,  
540-578 , and 579 days)  

Change in APD therapy as well as 13 
variables listed in H 2.1 

3 separate Modified-
Poisson models with 
sandwich estimation 

  H 2.3 Adherence to APDs 
(MPR �  0.70, 080-0.89, 
0.90-0.99, and 1.00) 

Change in APD therapy as well as 13 
variables listed in H 2.1 

3 separate Modified-
Poisson models with 
sandwich estimation 

 

3.4.2.e. Additional analyses for Aim 2 

 A sensitivity analysis 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 dementia and/or 

Alzheimer’s disease may not be true PD cases. Those patients with the history may have 

been diagnosed with dementia or Alzheimer’s disease prior to the onset of PD, whereas 

true PD cases typically exhibit characteristic motor symptoms before the development of 
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cognitive deficits.8, 9  For patients whose dementia occurs before established PD, they are 

diagnosed as Lewy body dementia (i.e., LBD); those whose Alzheimer’s disease exhibits 

prior to the onset of PD are diagnosed as Alzheimer’s disease related parkinsonism (i.e., 

AD-related PD). Clinically, drug treatment plans for typical PD patients differ from that 

for patients with LBD or AD-related PD, which the latter group tends to delay the use of 

dopamine precursors, compared to the PD patients. �

 To perform this sensitivity analyses, we replicated the multivariate analyses 

presented earlier for estimating factors associated with three major APD 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 disease history). In our 

study, patients were identified as having a history of Alzheimer’s disease or dementia if 

they had any diagnosis for these diseases during a 3-year period from 2003-2005. This 

criterion was used based on CCW predefined indicator for Alzheimer’s disease and/or 

dementia. Essentially, this sensitivity analysis aims to answer a question that “Will study 

results derived from the subset (without disease history) remain consistent to that from 

the overall sample (with and without disease history)?” The results of these multivariate 

analyses were presented as prevalence rate ratios (PRRs), which indicates the strength of 

the associations between factors and APD use outcomes. The multivariate results derived 

from the subset (without disease history) were examined to determine if they were 

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 preventive health 
services),and healthcare utilization at baseline. 
  
  In the Aim 3, we conducted both descriptive and multivariate analyses to examine the 

unadjusted and adjusted associations between APD use and adherence (independent 

variables) and healthcare utilization and expenditure outcomes (dependent variables). For 

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 episodes, HHA 

episodes, and office-based physician visits); and (2) rate of utilization for each of the five 

services. The utilization rate was calculated as the total number of visits/episodes 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 comorbidities were analyzed 

overall, and by three major APD use measures: (1) APD use (users vs. non-users), (2) 

duration of APD therapy (�  400 days (reference), 401-539 days, 540-578 days, and 579 

days) and (3) APD adherence (MPR � 0.79 (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 performed in the 

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 APD use measures 

[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 expenditure 

outcomes by the three specific disease groups (all causes, PD-only, and PD-related 

comorbidities) due to inability to differentiate expenditures incurred by treating PD 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 means and rates. 

After conducting the bivariate analyses, we then performed multivariate analyses to 

examine the association of APD use and adherence with healthcare utilization and 

expenditures. In the multivariate models, we controlled for the sample selection bias by 

including Inverse Mill’s ratio (IMR). This is because with the Heckman two-stage 

approach, we observed that IMRs were significantly associated with all utilization and 

expenditure outcomes, an indicative of sample selection bias in our PD sample. In the 

result section, we report the Heckman-corrected estimates along with their 95% CIs and 

P-values for all models in Aim 3. In the following sections, we detail multivariate 

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 nursing facility (SNF) 
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, HHA episodes, 

and physician visits), adjusting for covariates and sample selection bias among the 
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overall cohort of 8,758 PD patients. The utilization outcomes were assessed as utilization 

rate, calculated as the total number of episodes/visits divided by the length of observation 

period for each patient. The reason for analyzing utilization outcomes as a rate measure 

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 utilization events than 

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 time).129  

APD use, the key independent variable, was analyzed as a dichotomous variable 

(users/ non-users) to examine overall whether patients’ use of APDs was associated with 

their healthcare utilization. In addition, we also analyzed APD use as a categorical 

variable to discriminate between APD-use groups in terms of the impact on utilization 

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 within the APD 

users. In this study, we categorized patients into 5 groups, including non-APD users (i.e., 

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 quartiles of the distribution 

of 30-day standardized APD prescriptions among the 7,706 patients using �  1 APDs.  

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 outcomes. In general, we 

observed that all five distributions were right-skewed and non-normal with a cluster of 

patients having zero or low utilization. The proportion of patients with zero utilization of 
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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 utilization data is not feasible 

for four reasons. First, our right-skewed utilization outcomes do not satisfy the OLS 

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, our utilization 

data violate this OLS linear assumption as the relationships between our utilization 

outcomes and dependent variables are nonlinear based on our preliminary analyses. 

Third, we also confirmed that our utilization outcomes violate another OLS assumption, 

which is homoscedasticity of residuals. The OLS homoscedasticity assumption requires 

that the variance of residuals (difference between expected and observed outcome) be 

constant across all observations. However, our utilization data do not satisfy this 

assumption. Finally, the OLS approach may provide negative predicted estimates, which 

are not meaningful for utilization data because the degree of utilization is always a 

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.e., non-constant 

variance of residuals).130 We attempted to make a log-transformation of our utilization 

data. However, the log-transformed utilization data remained largely non-normally 

distributed. Accordingly, we used the Generalized Linear Model (GLM) approach, a 
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method commonly used to model non-normal outcomes.129-131 We elaborate the theory of 

GLM as follows. 

 

Generalized Linear Model (GLM) approach129, 131 

In the GLM, a dependent variable (Y) is linearly associated with a series of 

independent variables (X) through a link function (- ). The general structure of a GLM 

can be expressed as follows:    

                         ./0�1 234 ! 5 2627 ��128�9:;<=<>?>@A�B>C@:><D@>;E�      

where i refers to an observation; �  is a vector of unknown coefficients; �  is an error term. 

The link function (. ) describes the relationship between expected values of a dependent 

variable [E (Y)] and the linear predictors X� . For example, for a model with a linear 

relationship between [E (Y)] and X� , the link function is an “identity function”. 

Generally, this “identify function” is used for normally-distributed continuous outcome 

variables. In contrast, for a model with a log-linear relationship, in which the log of [E 

(Y)] is a linear function of X� , the link function is specified by a “log function”.  This 

“log function” is used for discrete outcome variables (e.g., count data), as well as non-

normally distributed continuous variables (e.g., expenditure data).   

Another important feature of GLM is that the dependent variable (Y) has a specific 

probability distribution. This distribution function describes the relationship between the 

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, as well as 

commonly used link function in Table 3.6. 

Table 3.6: Probability distributions commonly seen in Generalized Linear Models129  
Probability 
distribution 

Outcome variable Variance to mean relationship Link function 

Normal  Continuous  Constant V Identify  
Gamma Continuous  variance is proportional to the squared 

mean ( F G�H� ) 
Log  

Poisson discrete (count 
data) 

variance is equal to mean (V! H3 Log 

Negative  
binomial  

discrete (count 
data) 

variance is proportional to mean 
� F ! HI H� JK3 

Log 

a Mean is denoted by µ and the variance by V 

Essentially, the GLM contains a variety of forms characterized by two important 

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. The GLM 

approach can accommodate skewness and heteroscedasticity (that is, non-constant 

variances) in various types of outcome variables through prior specification of an 

appropriate link function and probability distribution.129, 131, 132 As indicated in the above 

table, several probability distributions are available in the GLM and those distributions 

are suitable for various types of data including continuous and count data.133  

 

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 patient level. As 

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) negative binomial 

distribution where the variance exceeds the mean. To further determine whether our 

utilization count outcomes fit to Poisson or negative binomial distribution, we used 
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likelihood ratio tests.134  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 distribution with 

1 degree of freedom. A significant likelihood ratio statistic indicates that the variance and 

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 utilization 

outcomes (hospitalizations, ER visits, Part A SNF episodes, HHA episodes, and 

physician visits), we confirmed that they followed a negative binomial distribution as 

likelihood ratio statistics for all utilization outcomes were significant at p<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 utilization outcome is 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, or t)] = � 0 + � 1APD use + � 2 Age + � 3 Gender + � 4 Race + � 5 Residency + � 6 LIS status 
+ � 7 Early/late enrollment  + � 8 Seen by neurologists  + � 9 Comorbidities + � 10 Depression  +  
� 11 Cognitive function + � 12 # of non-PD drugs + � 13LTC stay +  � 14  Preventive services use + 
� 15  Baseline utilization + � 16 Inverse Mills Ratio (IMR) 
 

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

(1.1) Log E [# of UTILIZATION COUNTS] =  
 � 0 + � 1APD use + � 2 Age ++ � 3 Gender + � 4 Race + � 5 Residency + � 6 LIS status + � 7 

Early/late enrollment  + � 8 Seen by neurologists  + � 9 Comorbidities + � 10 Depression  +  � 11 

Cognitive function + � 12 # of non-PD drugs + � 13LTC stay +  � 14  Preventive services use +  
� 15 Baseline utilization + � 16 IMR + log # of months alive   
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When modeling the negative binomial GLMs with statistical software (e.g., SAS), 

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 statistical context, this 

variable is called an ‘offset’ variable.129  

In the above equations, UTILIZATION  COUNTS indicated the number of uses of 

five health services (hospitalizations, ER visits, Part A SNF episodes, HHA episodes, and 

physician visits) in relation to three disease categories (all causes, PD only, 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.g., baseline all-

cause hospitalization was controlled in the model predicting follow-up all-cause 

hospitalizations). The adjustment for baseline utilization is to control its potential 

confounding effect on the follow-up use of healthcare services as well as APDs. 

Along with the baseline utilization, we also controlled for other variables 

associated with APD use and utilization outcomes, including demographics (age, gender, 

race, and residency), LIS status, early/late enrollment, seen by neurologists, 

comorbidities, depression, cognitive function, drug burden (number of non-PD drugs), 

LTC stay, preventive services use, and Inverse Mills Ratio (IMR). The operationalization 

of those covariates was detailed in Table 3.7. It is noted that when modeling Part A SNF 

utilization outcome, we excluded LTC stay due to its high collinearity with the use of 

Part A SNFs. From the negative binomial regression model, we obtained an adjusted 

estimate of rate ratio (RR) of APD use by taking the anti-natural log of the coefficient � 1 
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APD use in 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 compared to the non-APD 

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

confidence intervals (CI) and p-values.  

Table 3.7: Operationalization of covariates in models for 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 (including Hispanic, Asian, and other 

races/ethnicities) 
Residency  Categorized as northeast, northcentral, south and waste based on U.S. census region  
Low-income subsidy 
(LIS)  status 

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

Early/late enrollment Dichotomized as early enrollees if patients enrolled prior to January 1,  2006, or late 
enrollees if they enrolled between January 1, 2006 and May 15, 2006 

Seen by neurologists Dichotomized as ever seen if patients had service(s) with the CMS specialty code 
13, or not seen, otherwise 

Comorbidities  Categorized into four groups (1-6, 7-8, 9-10, and 11-22) using the cut-off points 
corresponding to the quartiles of the distribution of comorbid counts 

Cognitive conditions Categorized as 0, 1, or 2-3 cognitive conditions based on the distribution of the 
number of three cognitive conditions (Alzheimer’s, dementia, and psychosis) 

Depression Dichotomized as depressive patients if they had at least one depression claim, or 
non-depressive patients, otherwise 

Changes in PD 
therapy1 

Categorized as 0, 1, or 2-7 changes based on the 50th  and 75th percentile of the 
distribution of overall switching/augmentation occurrences 

Drug burden Categorized into 4 groups (0-7, 8-12, 13-18, and 19+) based the 25th, 50th, and 75th 
percentile of the distribution of non-PD drug counts 
1Categorized into 4 groups (0-9, 10-14, 15-20, and 21+) based the 25th, 50th, and 75th 
percentile of the distribution of total drugs (including PD & non-PD drug counts)1 

Long-term care 
(LTC) stay 

Categorized as 0 month (i.e., community patients), 1-12 months, and 13-19 months 
based on the 50th  and 75th percentile of the distribution of LTC stay 

Preventive services 
use 

Categorized as 0, 1, and 2-3 uses based on the distribution of the uses of selected 
three preventive services [influenza vaccination, colorectal cancer screening, 
mammography screening/paper smear , and prostate cancer screening ] 

Baseline utilization  Dichotomized as yes if patients had utilization of  interest (hospital, ER, Part A 
SNF, HHA, and physician services) at baseline (1/1/2006-5/31/2006), or no if 
patients had no such utilization 

Inverse Mills Ratio 
(IMR) 

Continuous variable, calculated as the probability of enrolling PDPs divided by the 
cumulative probability of PDP enrollment. IMR represents the effect of all 
unobserved variables that can influence beneficiaries’ decisions to enroll in a PDP. 

Death in 20072 Categorized as yes if patients died in 2007, or no if patients were alive 
1 Only controlled as a covariate in utilization/expenditure models where the key independent variable is 
either duration of APD therapy or adherence to APDs (not use of APDs). 
2 Only controlled as a covariate in expenditure models where 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 variable, created 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 they were approximate 

quartiles of the number of 30-day standardized APD prescriptions among the users. By 

assessing two different forms of APD use, we were able to differentiate expenditure 

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 highly right-

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 potentially suitable 
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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 squared mean.  

To confirm whether our expenditure data fit properly the gamma distribution, we 

used the Modified Park test133, a suggested diagnostic tool for identifying the probability 

distribution of expenditures data in GLMs. This test examines the relationship between 

the raw-scale variance and raw-scale mean of expenditures data, by regressing the 

squared residuals (i.e., differences between the predicted and observed expenditures) on 

the predicted expenditures. We used the procedures of the Modified Park test from the 

book “Economic Evaluation in Clinical Trials” by Glick, Dosh, Sonnad, and Polsky.135 

We detail each procedure of the test as follows: 

Step1: Estimate a GLM regression on expenditure data assuming a gamma distribution 

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: Identify the appropriate GLM probability distribution based on the coefficient 

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

Coefficient Probability distribution  Statistical test 
0 Normal  Test ln_yhat=0 
1 Poisson Test ln_yhat=1 
2 Gamma Test ln_yhat=2 
   

As indicated in the above table, if a coefficient shows no statistically significant 

difference from a value of 0, it indicates that the expenditure outcome follows a normal 

distribution where the variance of the outcome is constant. A coefficient that does not 
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significantly differ from 1 indicates that the expenditure outcome follows a Poisson 

distribution where the variance and mean of the outcome is equal. If a coefficient does 

not significantly differ from 2, this indicates 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 (1.6) did not 

significantly differ from a value of 2. This result indicates that our expenditures data 

follow a gamma distribution (i.e., the variance of total, Part A, Part B, and Part D is 

approximately proportional to its corresponding squared mean). Thus, we will be able to 

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 

literature130, 135 (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) = � 0 + � 1 APD use + � 2 Age + � 3 Gender + � 4 Race 
+ � 5 Residency + � 6 LIS status + � 7 Early/late enrollment  + � 8 Seen by neurologists  + � 9 

Comorbidities + � 10 Depression  +  � 11 Cognitive function + � 12 # of non-PD drugs + � 13LTC 
stay +  � 14 Preventive services use +  � 15 death in 2007 + � 16 all-cause hospitalizations at 
baseline (1/1/2006-5/31/2006) + � 17 Inverse Mills Ratio (IMR) 

 

where EXPENDITURE OUTCOMES were measured as the aggregated expenditures for 

Total, Part A, Part B, and Part D medical services. We controlled for 17 potential 

confounders as covariates in the model, and the operationalization of these covariates was 

listed in Table 3.7. Specifically, in expenditure models, we treated “death in 2007” as a 



�

101�
�

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 as yes if patients 

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 PD sample, and were 

adjusted to control for their potential confounding effects on expenditures as well as APD 

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 coefficient � 1 APD use in Equation (2) for each of 

expenditure outcomes. To facilitate interpretation, we converted the RRs to marginal 

effects. The marginal effect of APD use was interpreted as absolute differences in 

medical expenditures between APD users and non-APD users. In the result section, we 

present the marginal effects along with their standard errors (SE) and p-values 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, Part A SNF 

episodes, HHA episodes, and physician visits), adjusting for covariates and sample 
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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 measure their 

duration of therapy. To adjust for unequal observation periods among the APD users, we 

analyzed the utilization outcomes as utilization rate, calculated as the total number of 

episodes/visits divided by 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 likelihood ratio tests, indicating that the variances of our utilization outcomes 

exceed their means. The selection of the log link function was because of a log-linear 

relationship between our utilization outcomes and independent variables of interest (i.e., 

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] = � 0 + � 1Duration of APD therapy + � 2 Age + � 3 
Gender + � 4 Race + � 5 Residency + � 6 LIS status + � 7 Early/late enrollment  + � 8 Seen by 
neurologists  + � 9 Comorbidities + � 10 Depression  +  � 11 Cognitive function + � 12 # of PD and 
non-PD drugs + � 13 Change in APD therapy + � 14 LTC stay +  � 15 Preventive services use +  
� 16  Baseline utilization + � 17 Inverse Mills Ratio (IMR) + log # of months alive   

 

where UTILIZATION COUNTS were measured as the number of medical uses of five 

healthcare services (hospitalizations, ER visits, Part A SNF episodes, HHA episodes, and 

physician visits) in relation to three disease categories (all causes, PD only, and PD-

related comorbidities) during the study period (6/1/2006-12/31/2007). The baseline 

(1/1/2006-5/31/2006) utilization [� 16 in Equation (3)] was controlled as a covariate in the 
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models with the same respective utilization outcomes (e.g., baseline all-cause 

hospitalization was controlled in the model with follow-up all-cause hospitalization as a 

dependent variable). The adjustment for baseline utilization in utilization models is to 

control for its potential confounding effect on the follow-up use of utilization services as 

well as duration of APD therapy. Along with the baseline utilization, we also controlled 

for change in APD therapy [� 13 in Equation (3)], because this change may be associated 

with duration of APD therapy as well as healthcare utilization. Other variables controlled 

in the model included demographics (age, gender, race, and residency), LIS status, 

early/late enrollment, seen by neurologists, comorbidities, depression, cognitive function, 

drug burden (# of PD and non-PD drugs), LTC stay, preventive services use, and IMR. 

The operationalization of these covariates was detailed earlier in Table 3.7.  It is noted 

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 with �  2 APD fills. 

From this utilization model, we obtained an adjusted estimate of rate ratio (RR) of 

duration of APD therapy for each of the utilization outcomes by taking the anti-natural 

log of the coefficient � 1 Duration of APD therapy in Equation (3). In this analysis, RR 

was interpreted as the utilization rate of the long-duration APD users as compared to the 

short-duration APD users. In the result section, we reported the RRs along with their 95% 

confidence intervals (CI) 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 at 

least two of any of the studied APDs (two or more APDs are necessary for measuring 

duration of therapy). We treated the expenditure outcomes as continuous variables and 

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 tests, indicating 

that the variances of our expenditure outcomes are approximately proportional to their 

squared means. The selection of the log link function was because of a log-linear 

relationship between expenditure outcomes and independent variables of interest (i.e., the 

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] = � 0 + � 1Duration of APD therapy + � 2 Age + � 3 
Gender + � 4 Race + � 5 Residency + � 6 LIS status + � 7 Early/late enrollment  + � 8 Seen by 
neurologists + � 9 Comorbidities + � 10 Depression +  � 11 Cognitive function + � 12 # of PD and 
non-PD drugs + � 13 Change in APD therapy + � 14 LTC stay +  � 15 Preventive services use +  
� 16 Death in 2007  + � 17 all-cause hospitalizations at baseline (1/1/2006-5/31/2006)  + � 18 

Inverse Mills Ratio (IMR) 
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where the EXPENDITURE OUTCOMES were measured as the aggregated expenditures 

for total, Part A, Part B, and Part D services. The key independent variable, duration of 

APD therapy, was analyzed as a categorical variable (1-400 days, 401-539 days, 540-578 

days, and 579 days) defined based on the quartiles of the distribution of DOT among the 

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) and baseline all-

cause hospitalization events (any event /no event), were used as proxies of general 

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. In addition, 

change in APD therapy was adjusted to control for its potential confounding effect.  

After controlling for covariates in this expenditure model, we obtained the rate 

ratios (RRs) of duration of APD therapy (the key independent variable) by taking the 

anti-natural log of the coefficient � 1 Duration of APD therapy in Equation (4). To 

facilitate interpretation, for a given outcome, we converted the RR to a marginal effect, 

which was interpreted as an absolute difference in expenditure outcomes between 

patients with long and short duration of APD therapy. In the result section, we presented 

the marginal effects along with their standard errors (SEs) and p-values for Total, 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 covariates.  

 

To test Hypothesis 3.3.1, we examined the association of adherence to APDs with 

five utilization outcomes of interest (hospitalizations, ER visits, Part A SNF episodes, 

HHA episodes, and physician visits) adjusting for covariates and sample selection bias 

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 the utilization 

outcomes as utilization rate, calculated as the total number of episodes/visits divided by 

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 likelihood ratio 

tests, indicating that the variances of our utilization outcomes exceed their means. The 

selection of the log link function was because of a log-linear relationship between our 

utilization outcomes and independent variables of interest (i.e., the log of utilization 

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] = � 0 + � 1MPR + � 2 Duration of therapy + � 3Age + � 4 
Gender + � 5 Race + � 6 Residency + � 7 LIS status + � 8 Early/late enrollment  + � 9 Seen by 
neurologists  + � 10 Comorbidities + � 11 Depression  +  � 12 Cognitive function + � 13 # of PD 
and non-PD drugs + � 14 Change in APD therapy + � 15 LTC stay +  � 16 Preventive services use 
+  � 17  Baseline utilization  + � 18 Inverse Mills Ratio (IMR) + log # of months alive   
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where UTILIZATION COUNTS were measured as the number of  medical uses of five 

health services (hospitalizations, ER visits, Part A SNF episodes, HHA episodes, and 

physician visits) in relation to three disease groups (all causes, PD only, and PD-related 

comorbidities). The key independent variable, adherence to APDs measured as MPR, was 

analyzed as a categorical variable (MPR �  0.79, 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 with �  2 APDs.  

We included other potential confounders as covariates in the model:demographics 

(age, gender, race, and residency), LIS status, early/late enrollment, seen by neurologists, 

comorbidities, depression, cognitive function, drug burden (# of PD and non-PD drugs), 

changes in APD therapy, LTC stay, preventive services use, baseline utilization, and 

IMR. The operationalization of these covariates was detailed in Table 3.7. Along with 

these variables, we also controlled for duration of APD therapy as a continuous variable 

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) would be expected to be 

associated with a greater reduction in healthcare utilization than the effect for a shorter 

period (e.g., 1 month).  

In this utilization model, we obtained an adjusted estimate of rate ratio (RR) of 

adherence to APDs by taking the anti-natural log of the coefficient � 1 MPR in Equation 

(5) for each of the utilization outcomes. In this analysis, RR was interpreted as the 

utilization rate of the high adherers as compared to the low adherers. In the result section, 

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 for covariates and 

sample selection bias among the subsample of 7,583 patients with at least two fills of any 

of the studied APDs (two or more APDs are necessary to measure medication adherence). 

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, indicating that the 

variances of our expenditure outcomes are approximately proportional to their squared 

means. The selection of the log link function was because of a log-linear relationship 

between expenditure outcomes and independent variables of interest (i.e., the log of 

expenditure outcome is a linear function of the independent variables).The determination 

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] = � 0 + � 1MPR + � 2 Duration of therapy + � 3Age + 
� 4 Gender + � 5 Race + � 6 Residency + � 7 LIS status + � 8 Early/late enrollment  + � 9 Seen by 
neurologists  + � 10 Comorbidities + � 11 Depression  +  � 12 Cognitive function + � 13 # of PD 
and non-PD drugs + � 14 Change in APD therapy + � 15 LTC stay +  � 16 Preventive services use 
+  � 17 Death in 2007 + � 18 all-cause hospitalizations at baseline (1/1/2006-5/31/2006)+ � 19 

Inverse Mills Ratio (IMR) 
 

where the EXPENDITURE OUTCOMES were measured as the aggregated expenditures 

for Total, Part A, Part B, and Part D services. The key independent variable, adherence to 

APDs measured as MPR, was analyzed as a categorical variable (MPR �  0.79, 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) would be expected to be 

associated with a greater reduction in expenditures, compared to that for a shorter period 

(e.g., 1 month).  In this expenditure model, we obtained adjusted estimates of rate ratios 

(RRs) of adherence to APDs by taking the anti-natural log of the coefficient � 1 MPR in 

Equation (6). To facilitate interpretation, we converted the RRs to marginal effects, 

which were interpreted as absolute differences in expenditures between the high adherers 

and low adherers. In the result section, we presented marginal effects along with their 

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

 

The following table summarizes statistical models for testing the six hypotheses in Aim 3  

Hypothesis Dependent variable Key independent 
variable 

Statistical model 

  H 3.1.1 Healthcare utilization rates APD use Negative binomial GLMs  
  H 3.1.2 Healthcare expenditures  APD use Gamma GLMs 
  H 3.2.1 Healthcare utilization rates Duration of therapy Negative binomial GLMs  
  H 3.2.2 Healthcare expenditures Duration of therapy Gamma GLMs  
  H 3.3.1 Healthcare utilization rates Adherence to APDs Negative binomial GLMs  
  H 3.3.2 Healthcare expenditures Adherence to APDs Gamma GLMs  

�  
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4. RESULTS 

4.1. Overview of PD cohort  

A total of 8,758 Medicare beneficiaries with Parkinson’s disease were selected after 

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 represented by 52.6% 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 patients with �  2 

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 measures as follows:   
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4.2.1.a. Any 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 with APDs 

(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 widely used drug class 

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 inhibitors, 

Anticholinergics, and Amantadine–were not widely used. The percentage of any use of 

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 measurements of duration 
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and adherence, as two or more claims were necessary to operationalize these two 

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 multiple classes 

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 half of them 

(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 with DA was 

the most frequently used pattern across the combinations of different classes of APDs.  
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Table 4.1. 1: Number of patients with APDs and mean number of APD class among 8,758 Medicare PD 
patients with continuous PDP enrollment from 6/1/2006 through 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) 1.7  
No 1,052 (12.0) - 

 

Table 4.1.2: Number of patients with APD use by therapeutic class and drug agent among 7,706 Medicare 
PD patients with continuous PDP enrollment (6/1/ 2006 through 12/31/ 2007 or date of death) using � 1 
APDs 

  
PD patients with �  1 APD1 

(n=7,706) 
Therapeutic Class2  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 
1Use of APDs was measured over periods where patients were neither in Medicare-covered hospital stay 
nor in Medicare-covered skilled nursing facility stay. 2Patients may have taken one or more APD classes. 
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Table 4.1.3: Mean numbers of APD prescription claims overall, and by therapeutic class and drug agent 
among 7,706 Medicare PD patients with continuous PDP enrollment (6/1/2006 through 12//31/ 2007 or 
date of death) using � 1 APDs 

   APD Prescription Claims   
  Mean SD Min Max 
Overall patients with �  1 APDs  (n=7,706) 22.1 15.1 1 126 
Therapeutic Classes1,2 
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 1.5 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 
1Use of APDs was measured over periods where patients were neither in Medicare-covered hospital stay 
nor in Medicare-covered skilled nursing facility stay. 2Patients may have taken one or more APD classes. 
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Table 4.1.4: Monotherapy and combination therapy with APDs among 7,706 Medicare PD patients with 
continuous PDP enrollment (6/1/2006 through 12/31/2007 or date of death) using �  1 APDs 

  
Patients with �  1 APDs 
n     % 

Overall patients with �  1 APDs   7,706 100 
   
Monotherapy only at any time during study period1,2 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    2.3  
Catechol-O-methyltransferase Inhibitors (i.e., COMT)  31    0.7  

Combination therapy3 at any time during study period1,2 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   5.5  
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  
1Monotherapy and combination therapy measured over periods where patients were neither in Medicare-
covered hospital stay nor in Medicare-covered skilled nursing facility stay. 
2Patients may have taken one or more patterns of APD therapy during the study period. 
3Patients may use APDs as combination therapy for some period and use as monotherapy for other period 
of time. 



 

116�
 

4.2.1.b. Duration 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 sample), because two 

data points are required to measure DOT. The distribution of DOT was assessed by 

calculating its quartiles (Quartile1 �  145 days, Quartile2:146-290 days, Quartile3: 291-435 

days, and Quartile4: 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-duration (� 145 

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 variations in sample 

sizes for each drug agent. 
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Table 4.1.5: Duration of APD therapy overall, and by treatment therapy, therapeutic class, and drug agent 
among 7,583 Medicare PD patients with continuous PDP enrollment (6/1/2006 throughout 12/31/2007, or 
date of death) using �  2 APDs. 

  

Patients with 
�  2 APDs 

Distribution of Duration of APD Therapy 2  
1-145 days 146-290 days 291-435  days 436-579 days 

n (%)       n (%)   n (%) n (%) 

Overall 7,583(100%)1 244 (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/Levodopa 6,655 453 (6.8) 584 (8.7) 876 (13.2) 4,742 (71.3) 
Carbidopa/Levodopa
/ Entacapone 

838 193(23.0) 111 (13.2) 114 (13.6) 420 (50.1) 

Dopamine Agonists 2,697 491 (18.2) 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) 
1All percentages were row percentages. 2Duration of therapy was measured over periods where patients 
were neither in Medicare-covered hospital stay nor in Medicare-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 of �  0.80. 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 

APDs). On the other hand, the MPR of �  1.00 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 combination 

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 monotherapy and 

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 having an MPR 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 MPR) overall, and by treatment therapy, therapeutic 
class, and drug agent among 7,583 Medicare PD patients with continuous PDP enrollment (6/1/2006 
throughout 12/31/2007, or date of death) using �  2 APDs    

  
Patients  

Distribution of medication possession ratio(MPR)2  
0.02-0.39        0.40-0.59            0.60-0.79       0.80-0.99 1.00-1.99 

n (%) n (%) n (%) n (%)  n (%) 

Overall 
7,583 

(100%)1 
124 (1.6) 451 (5.9) 1,493(19.7) 3,907 (51.5) 1,608(21.2) 

Treatment Therapy 
Monotherapy  4,307 99 (2.3) 302 (7.0) 779 (18.1) 2,093 (48.6) 1,034(24.0) 
Combination therapy  3,276 25 (0.8) 149 (4.5) 714 (21.8) 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) 807 (29.9) 
Pergolide  77 2 (2.6) 3 (3.9) 10 (13.0) 39 (50.6) 23 (29.9) 
Bromocriptine  59 1 (1.7) 6 (10.2) 5 (8.5) 27 (45.8) 20 (33.9) 
Pramipexole  1,425 38 (2.7) 91(6.4) 233 (16.4) 650 (45.6) 413 (29.0) 
Ropinirole  1,238 17 (1.4) 73 (5.9) 191 (15.4) 556 (44.9) 401 (32.4) 
Rotigotine  163 6 (3.7) 5 (3.1) 29 (17.8) 123 (75.5) 0 (0.0) 
Apomorphine  23 3 (13.0) 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) 347 (40.7) 318 (37.3) 
Entacapone 835 28 (3.4) 45 (5.4) 111 (13.3) 345 (41.3) 306 (36.6) 
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) 283 (36.5) 317 (40.9) 
1 All percentages were row percentages. 2 MPR was measured over periods where patients were neither in 
Medicare-covered hospital stay nor in Medicare-covered skilled 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 measures as follows: 

 
4.2.2.a. Trends 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 monotherapy (Figure 

1.2) and combination-therapy users (Figure 1.3). In any given month, approximately two-

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 by single-drug 

users (20.3%-26.9%) and 3-drug users (11.9%-14.4%), respectively. Interestingly, 

relatively few combination-therapy patients had no use of APDs on a monthly basis, and 

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 months in 7,707 PD patients with � 1 APDs  

  
 
Figure 1.2: Trends in monthly APD use over 19 months in 4,430 PD patients with monotherapy  

 

 

Figure 1.3: Trends in monthly APD use over 19 months in 3, 276 PD patients with combination therapy 
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4.2.2.b. APD Interruptions 

To further investigate how an individual used APDs over time, an analysis was 

conducted to examine any interruptions (defined as a continuous gap of �  30 days) 

between their APD prescription fills. Interruptions were measured over a period where 

patients were neither in Medicare-covered hospital stay (mean=7.6 days) or Medicare-

covered SNF stay (mean=15.0 days) as information on drugs dispensed during these 

periods was unavailable. Thus, these Medicare-covered days were not part of the 

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 study period (Table 

4.1.7). A greater percentage of monotherapy users (42.2%) experienced interruptions than 

did combination-therapy users (22.7%). Of patients with treatment interruptions, almost 

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, fluctuated use, 

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 increased or decreased 

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 percent of combination-therapy 

users (48.7%) had a fluctuated APD use.  

 

Table 4.1.7: APD interruptions overall, and by monotherapy users and combination-therapy users among 
7,583 Medicare PD patients with continuous PDP enrollment (6/1/2006 throughout 12/31/ 2007 or date of 
death) using �  2 APDs 

Overall Monotherapy 
users 

 Combination-
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 interruptions1  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) 1,173 (64.5)  500 (67.2) 
 Interruption for  61 - 90 days 625 (24.4) 447 (24.6)  178 (23.9) 
 Interruption for  > 90 days 784 (30.6) 617 (33.9)  167 (22.5) 

Patients without interruptions 5,021 (100) 2,489 (100)  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)  1,233 (48.7) 

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) 
1 Interruptions were mutually exclusive. Patients might have �  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 number of  changes per 

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

13.6% and 19.0% of the patients, respectively. Switching rates substantially varied 
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among drug classes (Table 4.1.9). The drug class with the highest switching rate 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/100 person-years). 

However, the switching rate of dopamine precursors (DPs) was considerably lower (1.5 

occurrences/100 person-years) than the other five classes of APDs. Augmentation rate, 

measured by the number of drugs augmented to patients’ pre-existed regimen during the 

observation period, also varied markedly across drug classes (Table 4.1.9). DPs had the 

lowest augmentation rate (2.5 occurrences/100 person-years), whereas the other five APD 

classes had augmentation rates ranging from 12.5 in anticholinergics to 32.5 occurrences 

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 classes, they were 

mostly switched to DPs, followed by DAs. With regard to the augmentation, most DPs 

(62.0%) were added to patients’ previous regimen with DAs, whereas majority of other 

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 occurrences of switching and /or augmentation of APDs, and mean 
occurrences among 7,583 Medicare PD patients with continuous PDP enrollment (6/1/2006 throughout 
12/31/ 2007 or date of death) using �  2 APDs 

Switching and Augmentation 
Patients with � 2 APDs 

7,583 patients (100%) Mean occurrences(±SD) 
Experienced  �  1 switching and/or 
augmentation 

1,898 (25.0) 1.6 ± 0.9 

Experienced  �  1 occurrences of 
switches 

1,029 (13.6) 1.3 ± 0.6 

Experienced  �  1 occurrences of 
augmentation  

1,437 (19.0) 1.6 ± 0.4 
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Table 4.1.9: Numbers and rates of occurrences of switching and augmentation by drug class  

Drug class (n=patients) 
Switching Augmentation 

N of occurrences Rate1 N of occurrences Rate1 
Dopamine precursors (n=6,990) 156 1.5 270 2.5 
Dopamine agonists (n=2,697) 494 12.0 608 14.7 
MAO-B inhibitors (n=768) 232 19.4 388 32.5 
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 
1rate= (total number of occurrences/ total number of patient-years)*100 
 

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

Drug class  
(n=switching occurrences) 

Subsequent APD class switched to  
Dopamine 
Precursors 

Dopamine 
Agonists 

MAO-B 
inhibitors 

COMT 
inhibitors 

Anti- 
cholingerics 

Amantadine 

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) 29 (18.6) 

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=number of switching occurrences. 
 

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

Drug class  
(n= augmentation  occurrences) 

Previous APD class  

Dopamine 
Precursors 

Dopamine 
Agonists 

MAO-B 
inhibitors 

COMT 
inhibitors 

Anti- 
cholingerics 

Amantadine 

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) 38 (14.1) 
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) 29 (7.5) 
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 (1.7) 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=number of augmentation 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 patients tended 

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 not available 

to measure. To investigate whether APD uses varied by the length of Part A SNF stay, 

subgroup analyses were performed by comparing the APD use across four groups: (1) 

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 reported these 

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 with and 

without Part A SNF stay (Table 4.1.12). However, the differences in APD use between 

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 difference in the 

use of anticholinergics and amantadine by patients’ SNF status. Within patients with Part 

A SNF stay, the use of APDs did not significantly differ by length of Part A SNF stay, 

overall and by therapeutic class, except for the class of MAO-B inhibitors. (Table 4.1.13) 
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Table 4.1.12: APD use among patients with and without Part A SNF stay in 8,758 Parkinson’s patients 
 SNF patients 

(n=2,323) 
Non-SNF patients 

(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 classes 1    

Dopamine Precursors  1,928 (83.0)  5,153 (80.1) 0.002 
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 

1Patients may have used �  1 APD classes. Chi-square tests were used with significance set at P-value < 0.05. 
 

 
Table 4.1.13: Use of APDs by length of Part A SNF stays among 2,323 Part A-SNF Parkinson’s patients 

 1-30 days 
(n=823) 

31-60 days 
(n=562) 

61-100 days 
(n=752) 

101-532 days 
(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 1     

Dopamine Precursors  679 (82.5) 467 (83.1) 625 (83.1) 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 (6.5) 0.242  
COMT Inhibitors 81 (9.8) 49 (8.7) 101 (13.4) 19 (10.2) 0.032  
Anticholinergics 53 (6.4) 40 (7.1) 48 (6.4) 19 (10.2) 0.292  
Amantadine 77 (9.4) 53 (9.4) 58 (7.7) 12 (6.5) 0.416  

 1Patients may have used �  1 APD classes. Chi-square or Fisher’s exact tests (n < 30) were performed with 
significance set at a P-value <0.05. 
 

 

(2) Duration of therapy by Part A SNF status and by the length of Part A SNF stay 

Overall mean duration of therapy (DOT) with any APDs was significantly lower 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 APD class. This 

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 patients may not be 

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

we observed that overall, DOT significantly decreased as the stay increased. This result 

was further confirmed by use of the Duncan’s multiple range tests, in which DOT means 
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for four length-of-stay Part A SNF groups were significantly different at P �  0.05.  This 

finding confirmed our prior hypothesis that patients with longer Part A SNF stay tended 

to have a shorter DOT, likely due to their shorter Part D drug observation periods. At the 

drug class level, we also observed a significantly negative association between Part A 

SNF stay and DOT for dopamine precursors, dopamine agonists, and anticholinergics.  

 
Table 4.1.14: Duration of APD therapy among Part A SNF patients and among non- Part A SNF patients  

 SNF patients 
(n=2,019) 

 Non-SNF patients 
(n=5,564) 

 

 Mean (SD)  Mean (SD) P-value 
Overall duration (days) 421 (133)  510 (120) 0.001 
Duration (days) by therapeutic classes1     

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 

1Patients may have used �  1 APD classes. T-tests were performed with significance set at P-value < 0.05.  
 

Table 4.1.15: Duration of APD therapy by length of Part A SNF stay among 2,019 Part A-SNF PD patients  
 1-30 days 

(n=712) 
31-60 days 

(n=490)  
61-100 days 

(n=651) 
101-532 

days(n=166) 
P-value Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Overall duration (days)  459 (134) 438 (127) 386 (129) 350 (99) 0.001 
Duration (days) by therapeutic classes1     

Dopamine Precursors  454 (146) 453 (144) 432 (159) 424 (141) 0.009 
Dopamine Agonists 369 (193) 377 (191) 337 (199) 409 (154) 0.046 
MAO-B Inhibitors 250 (190) 253(183) 264 (203) 234 (151) 0.968 
COMT Inhibitors 333 (206) 312 (201) 262 (216) 334 (166) 0.110 
Anticholinergics 382 (210) 334 (203) 260 (204) 277 (187) 0.023 
Amantadine 314 (202) 289 (200) 246 (202) 310 (217) 0.280 

1Patients may have used �  1 APD classes. ANOVA was performed with significance set 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 patients with and 

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

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

inhibitors and anticholinergics differed significantly between SNF patients and non-SNF 
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patients, whereas this pattern was not observed for the other four classes (e.g., dopamine 

precursors, dopamine agonists, MAO-B inhibitors, and amantadine). In the analysis of 

adherence by length of Part A SNF stay (Table 4.1.17), mean overall MPR was stable 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 adherence to dopamine 

precursors and dopamine agonists differed significantly by length of stay. There was no 

significant difference in adherence by length of stay for other four drug classes. 

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

(n=2,019) 
 Non-SNF patients 

(n=5,564) 
 

 Mean (SD)  Mean (SD) P-value 
Overall MPR 0.86 (0.18)  0.88(0.17) 0.122 
MPR by therapeutic classes1     

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 

1Patients may have used �  1 APD classes. T-tests were performed with significance set at P-value < 0.05. 
 

Table 4.1.17: Adherence to APDs by length of Part A SNF stay among 2,019 SNFPD patients with �  2 
APDs 

 1-30 days 
(n=712) 

31-60 days 
(n=490) 

61-100 days 
(n=651) 

101-532 days 
(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 classes1     
Dopamine Precursors  0.88 (0.18) 0.88 (0.19) 0.85 (0.21) 0.80 (0.22) 0.001 
Dopamine Agonists 0.91 (0.16) 0.89 (0.25) 0.92 (0.43) 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) 0.87 (0.20) 0.449 

1 Patients may have used  � 1 APD classes. ANOVA  was performed with significance set 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 regard to overall 

occurrences of switching and/or augmentation of APDs, as well as with regard to 

individual occurrences of switching and augmentation, respectively (Table 4.1.18). 
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Similarly, there was no significant difference across the four length-of-stay Part A SNF 

categories in overall switching and/or augmentation, as well as individual occurrences of 

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

 
Table 4.1.18: Changes in switching and augmentation of APDs among SNF patients and among non-SNF 
patients in 7,583 PD patients with � 2 APD fills 

Switching and augmentation 

SNF patients  
(n=2,019) 

 Non-SNF Patients 
(n=5,564) 

 

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 significance set at P-value < 0.05. 
�

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

Switching and augmentation 

1-30days 
(n=712) 

31-60 days 
(n=490) 

61-100 days 
(n=651) 

101-532 days 
(n=166) 

 

n (%)  n (%) n (%) n (%) P-value 
Experienced �  1 
switching/augmentation occurrence 167 (23.5) 122 (24.9) 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) were performed with significance set at P-value < 0.05. 
�

�

4.2.3.b. Differences 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. This LTC 

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 them (63.5%) staying 

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

in facilities for � 7 months  

Table 4.1.20: Distribution of long-term care (LTC) stay among 4,160 PD patients residing in LTC facilities 

patients 
Mean 

LTC stay1 
(SD) 

Distribution of LTC stay (months) 

1-6 7-12 13-18 19 
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) 207 (15.8) 271 (20.7) 830 (63.5) 
Patients with LTC stay(s) 
some time during study period 2,852 9.3 (7.0) 1,305 (45.8) 334 (11.7) 1213 (42.5) 0 (0.0) 
1 Mean LTC stay was measured in months. % = row percentages. 
 

 We compared APD use among patients with different residential status: (1) 

patients who stayed in LTC for the entire study period, (2) patients who experienced LTC 

stay(s) some time during study period, and (3) patients who stayed in communities 

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 in community 

patients (90.3%), followed by patients with LTC stay(s) some time during the study 

period (87.2%), and patients in LTC throughout the entire study period (81.6%). 

However, APD use across the three residential groups varied by drug class. The use of 

four classes–dopamine precursors, dopamine agonists, MAO-B inhibitors, and 

amandatine–differed significantly among the three residential status groups, 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 use of COMT inhibitors 

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

APD use 

Residential status 
Patients in 

LTC throughout 
entire study period 

Patients with LTC 
stay(s) some time 

during study period 
Patients in 

communities  
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 class1  
  Dopamine Precursors 1,000(76.5) 2,317 (81.2) 3,764(81.9) 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) 0.001 
  COMT inhibitors 127 (9.7) 300 (10.5) 425(9.2) 0.050 
  Anticholinergics 88 (6.7) 198 (6.9) 341(7.4) 0.924 
  Amandatine 75 (5.7) 237 (8.3) 473 (10.3) 0.001 

1Patients may have used �  1 APD classes. Chi-square tests were used with significance 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 APDs differed 

significantly by residential status, with the highest mean DOT in community patients 

(514 days), followed by patients with LTC stay(s) some time during the study period 

(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 significantly 

differed from that in patients with LTC stay(s) some time during or throughout the study 

period. At the drug class level, we observed a significant difference across residential 

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 patients by residential status 

Duration of therapy 

Residential status 
Patients in 

LTC throughout 
entire study period 

Patients with LTC 
stay(s) some time 

during study period 
Patients in 

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

P-value Mean (SD) Mean (SD) Mean (SD) 
Overall duration (days) 444 (138) 459 (135) 514 (117) 0.001 
Duration by drug class1  
  Dopamine Precursors 452 (141) 469 (146) 494 (143) 0.001 
  Dopamine Agonists  400 (169) 383 (196) 406 (204) 0.029 
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  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  (221) 0.478 
  Amandatine 383 (189) 289 (212) 335 (224) 0.002 

1Patients may have used � 1 APD classes. Chi-square tests were used with significance 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 period (MPR=0.88), 

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 patients was 

significantly lower than that in patients with LTC stay(s) some time during or throughout 

the entire study period. At the drug class level, adherence to dopamine precursors, 

dopamine agonists, COMT inhibitors, and anticholinergics significantly varied across the 

three types of residential status. There was no significant difference in adherence by 

residential status for other two drug classes. 

 
Table 4.1.23: Adherence to APDs among Parkinson’s patients by residential status 

Residential status  
Patients in 

LTC throughout 
entire study period 

(n=1,062) 

Patients with LTC 
stay(s) some time 

during study period 
(n=2,449) 

Patients in 
communities 

(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 class1 

  
 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 

1Patients may have used � 1 APD classes. ANOVA was performed with significance set at P-value < 0.05. 
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4.2.4. Summary of Aim 1 

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

PD as follows: 

(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-therapy users 

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. This magnitude 

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 these, two-thirds 

stopped using APDs for 1-2 months and more than one in four had a long-term 



 

135�
 

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 and by the 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 switching/and 

augmentation of APDs between patients with and without the SNF stay. Neither did we 

observe the differences in these three APD use measures within the Part A SNF patients. 

 

Findings of descriptive analyses by residential status:  

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

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 and a longer 

duration of APD therapy, but a lower adherence to APDs, compared to patients with LTC 

stay(s) some time during the study period and patients in LTC throughout the study 

period.   
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4.3. Aim 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 
through December 31, 2007 or date of death 

 

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

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 were early PDP 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 study period. 

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 screening). A total of 1,272 

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 study period (19 

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 and clinical characteristics among 8, 758 Medicare PD patients 
with continuous PDP enrollment from 6/1/ 2006 through 12/31/2007 or date of death 

Characteristics 
Total PD sample 

n % 
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 
Other1 135 1.5 

Region 
Northeast 1887 21.5 
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 31.5 

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 



 

138�
 

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 LTC2 throughout entire     
study period 

1308 14.9 

Patients with LTC2 stay(s) some time 
during  the study period 

2852 32.6 

Length of LTC 2 stay    
0 month 4598 52.5 
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 

1 Other included the natives of North American and individuals with other or unknown races and 
ethnicities.   
2 LTC: 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 APDs (i.e., APD 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 white, be non-LIS 

recipients, have visits with neurologists, have no Alzheimer’s disease, have no dementia, 

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 observed between 

the two groups regarding gender, whether they were early or late PDP enrollees, 

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 associated with the 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 excluded two variables: 

(1) “residential status”, which had a variance inflation factor (VIF) of 6 because of its 

high collinearity with LTC stay, and (2) “Part D drug observation period”, which 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 multicollinear.127 
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 After adjustment for covariates, the following factors were significantly associated 

with the use of APDs:  

(1) 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. 

(2)  LIS status: Patients who were LIS recipients were significantly less likely to use 

APDs (PRR=0.98, 95% CI=0.96-1.00), compared to those who were non-LIS 

recipients.  

(3) 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. 

(4)  Seen by neurologists: Patients who had been seen by neurologists during the study 

period were significantly more likely to use APDs (PRR=1.19, 95% CI= 1.16–

1.22), compared to patients who had not been seen by such specialty.  

(5) Cognitive conditions: Parkinson’s patients who had any of the three cognitive 

conditions (Alzheimer’s disease, dementia, and psychosis) were significantly less 

likely to use APDs (PRR=0.97, 95% CI=0.95-0.99 for 1 condition; PRR=0.96, 95% 

CI=0.94-0.98 for 2-3 conditions), compared to patients who did not have any of 

these conditions.  

(6) 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 use APDs 

(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 more likely to 

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 neurologist visits (vs. no 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. non-LIS) and 

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 services use, after 

controlling for covariates.  

�  
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Table 4.2.2: Differences in demographic and clinical characteristics between Medicare PD patients with 
APD use and without APD use from 6/1/2006 through 12/31/ 2007 or date of death 

Characteristics 
Any APD use  No APD use P-value3 

n %  n %  
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  
Other1 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 14.5  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 70.4  
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 25.7 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 27.9  
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 LTC2 throughout  
entire  study period 

1067 13.9  241 22.9  

Patients with LTC2 stay(s) some  
time during  the study period 

2488 32.3  364 34.6 <0.001 

Length of LTC 2 stay      
0 month 4151 53.9  447 42.5  
1-12 months 1674 21.7  200 19.1  
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 10.4  
13-18 months 1794 23.3  255 24.2  
19 months 5381 69.8  688 65.4 <0.001 

1Other included the Natives of North American and individuals with other or unknown races and 
ethnicities. 
2 LTC=long-term care;3 The statistical significance was set at P-value < 0.05. 
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Table 4.2.3: Factors associated with the use of APDs among 8, 758 Medicare Part D enrollees with PD 
from 6/1/2006 through 12/31/ 2007 or date of death. 

Factors 
Use of APDs (use vs. no use) 

Adjusted PRR1 95% CI2 

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) 
Other3 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 neurologists (yes/no) 1.19 (1.16-1.22)*** 
Had depression (yes/no)  1.00 (0.98-1.02) 
Cognitive conditions 

1 vs. 0 0.97 (0.95-0.99)** 
2-3 vs. 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 
1 vs. 0 1.00 (0.99-1.02) 
2-3 vs. 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)* 

1PRR=prevalence rate ratio, calculated as a ratio of the prevalence of outcome in the study group to the 
prevalence of outcome in the reference group 

2 CI=confidence interval; * P < 0.05; **P < 0.01;***P < 0.001 
3 Other included Hispanics, Asians, the Natives of Americans, and other or unknown races and ethnicities. 
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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 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 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 APDs among 

7,583 PD patients who had �  2 fills of any APDs, because two data points were necessary 

to measure the duration of therapy based on its definition (i.e., days between the first and 

the last fill plus the days’ supply of the last fill). We first performed chi-square tests to 

compare unadjusted differences in demographic and clinical characteristics across four 

groups of patients with different duration of therapy: � 400 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 of the factors 

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, be early enrollees, and 

have visits with neurologists. Also, those with longer DOT were more likely to have no 

depression/Alzheimer’s disease/dementia/psychosis, have fewer comorbidities, have 

lower drug burden, have change(s) in their PD therapy, stay in community settings, and 

use preventive services.   

In the multivariate regression analysis of factors associated with the duration of 

APD therapy (Table 4.2.5), we excluded residential status (due to its collinearity with 

LTC stay) and Part D drug observation period (due to its collinearity with death in 2007). 
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We performed three separate binary models regressing each of the three duration 

subgroups (medium, long, and maximum DOT) against the reference group (short DOT). 

For each binary model, a Modified-Poisson regression with robust standard errors was 

used to generate the prevalence rate ratios (PRRs) of factors associated with higher DOT. 

After adjustment for covariates and sample selection bias with Heckman correction 

approach in the regression models, the following variables were significantly associated 

with longer DOT (Table 4.2.5): 

(1) Gender: Female patients were significantly more likely than male patients to have 

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 significantly less likely 

to have medium DOT (PRR=0.97, 95% CI=0.94-0.99) and long DOT (PRR=0.94, 

95% CI=0.91-0.97), although no difference in the probability of having maximum 

DOT was observed by LIS status. 

(3) Early vs. late enrollment: 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% CI=0.93-

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 or 

multiple cognitive conditions were significantly less likely to have long and maximum 

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 similar pattern was 

observed with the long DOT among patients with 11-22 conditions (PRR=0.89, 95% 

CI=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 likely to 

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 have medium 

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 

% CI=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 to have 

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% CI=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 more likely to 

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 use: Compared to patients without using any of the studied 

preventive services, patients with services were significantly more likely to 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 selection bias, consistent 

with our Hypothesis 2.2, patients who were early enrollees (vs. late enrollees), had no 

cognitive impairment (vs. had impairment), had no depression (vs. had depression), had 

fewer comorbidities (1-6 vs. 7 + conditions), had preventive services use (vs. no use), and 

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 with LIS (vs. 

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 clinical characteristics across APD users1 with different 
duration of APD therapy from 6/1/2006 through 12/31/ 2007 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-value4 
APD users1  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) 644 (31.6)  
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) <0.001 

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) 1829 (89.7)  
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)  
Other2 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) 1,027 (50.3) <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) <0.001 

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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9-10 353 (22.7) 469 (24.6) 585 (28.1) 379 (18.6)  
11-22 672 (43.3) 818 (42.9) 536 (25.7) 161 (7.9) <0.001 

Number of PD & non-PDD 
drugs   

 
  

0-9 341 (22.0) 318 (16.7) 482 (23.2) 670 (32.8)  
10-14 410 (26.4) 453 (23.7) 524 (25.2) 661 (32.4)  
15-20 373 (24.0) 528 (27.7) 559 (26.8) 444 (21.8)  
21-78 429 (27.6) 609 (31.9) 517 (24.8) 265 (13.0) <0.001 

Changes in PD therapy       
0 1315 (84.7) 1380 (72.3) 1498 (72.0) 1492 (73.1)  
1 143 (9.2) 323 (16.9) 344 (16.5) 355 (17.4)  
2-8 95 (6.1) 205 (10.8) 240 (11.5) 193 (9.5) <0.001 

Residential status      
Patients in communities 585 (37.7) 661 (34.6) 1378 (66.2) 1448 (71.0)  
Patients in LTC3 throughout  
the entire study period 

348 (22.4) 323 (16.9) 180 (8.6) 211 (10.3)  

Patients with LTC3 some 
time during  the study period 

620 (39.9) 924 (48.4) 524 (25.2) 381 (18.7) <0.001 

Length of LTC 3 stay      
0 month 585 (37.7) 661 (34.6) 1378 (66.2) 1448 (71.0)  
1-12 months 657 (42.3) 616 (32.3) 310 (14.9) 59 (2.9)  
13-19 months 311 (20.0) 631 (33.1) 394 (18.9) 533 (26.1) <0.001 

Preventive services use      
0 897 (57.8) 953 (49.9) 795 (38.2) 871 (42.7)  
1 515 (33.2) 705 (36.9) 920 (44.2) 794 (38.9)  
2-3 141 (9.1) 250 (13.1) 367 (17.6) 375 (18.4) <0.001 

Death in 2007      
Yes 703 (45.3) 280 (14.7) 53 (2.5) 0 (0)  
No 850 (54.7) 1628 (85.3) 2029 (97.5) 2040 (100) <0.001 

 Part D drug observation 
period 

     

2-12 months 521 (33.5) 0 (0) 0 (0) 0 (0)  
13-18 months 484 (31.2) 1155(60.5) 123 (5.9) 0 (0)  
19 months 548 (35.3) 753 (39.5) 1959 (94.1) 2,040 (100) <0.001 

1APD users were defined as PD patients who had two or more APDs during the study period. 
2Other included the Natives of North American and individuals with other or unknown races and 
ethnicities. 
3 LTC=long-term care 
4 The statistical significance was set at P-value < 0.05. 
�  
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Table 4.2.5: Factors associated with duration of APD therapy among 7,583 Medicare Part D enrollees with 
PD who used � 2 APDs from 6/1/ 2006 through 12/31/2007 or date of death 
 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) 

 PRR2 95% CI3 PRR2 95% CI3 PRR2 95% CI3 

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 (1.01-1.07)** 
Race       

Black vs. White 0.98 (0.94-1.03) 0.97 (0.91-1.03) 0.95 (0.89-1.02) 
 Other4 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)*** 1.00 (0.97-1.04) 

Early vs. late enrollees 1.00 (0.98-1.02) 1.06 (1.03-1.09)*** 1.12 (1.08-1.16)*** 
Seen by neurologists 
(yes/no) 1.02 (0.99-1.04) 1.00 (0.96-1.03) 0.98 (0.94-1.01) 

Had depression (yes/no)  0.99 (0.97-1.01) 0.98 (0.95-1.01) 0.96 (0.93-0.99)** 
Cognitive conditions       

1 vs. 0 0.98 (0.95-1.01) 0.95 (0.91-0.98)*** 0.93 (0.90-0.97)*** 
2-3 vs. 0 0.98 (0.95-1.01) 0.94 (0.91-0.97)*** 0.88 (0.84-0.91)*** 

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 (0.83-0.90)*** 
11-22  vs. 1-6 0.98 (0.94-1.02) 0.89 (0.85-0.93)*** 0.66 (0.62-0.70)*** 

# 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 (1.01-1.09)** 
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       
1 vs. 0 1.09 (1.06-1.12)*** 1.11 (1.08-1.15)*** 1.12 (1.09-1.16)*** 
2-8 vs. 0 1.09 (1.05-1.13)*** 1.09 (1.05-1.13)*** 1.08 (1.03-1.13)*** 

LTC stay       
1-12 months vs. 0 month 1.04 (1.01-1.07)** 0.88 (0.85-0.92)*** 0.73 (0.68-0.77)*** 
13-19 months vs. 0 month 1.18 (1.14-1.22)*** 1.01 (0.97-1.06) 1.06 (1.01-1.11)** 

Preventive services use       
1 vs. 0 1.04 (1.01-1.06)** 1.03 (1.00-1.06)* 1.02 (0.98-1.05) 
2-3 vs. 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 (0.43-0.47)*** 
Inverse Mills’ Ratio 0.97 (0.87-1.09) 0.91 (0.80-1.04) 1.00 (0.89-1.11) 

1APD users were defined as PD patients who had two or more APDs during the study period. 
2 PRR=prevalence rate ratio, calculated as a ratio of the prevalence of outcome in the study group to the 
prevalence of outcome in the reference group; 3CI=confidence interval; * P < 0.05; **P < 0.01;***P < 
0.001 
4 Other included Hispanics, Asians, the Natives of Americans, and other or unknown races and ethnicities. 
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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 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, 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 patients who 

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 across four groups 

patients with different levels of adherence: MPR � 0.7 (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).  Compared to 

patients with a low MPR, patients with a higher MPR (e.g., moderate/high/optimal) were 

significantly more likely to be older, be white, be LIS recipients, be early enrollees, have 

no neurologist visits, have depression, have cognitive conditions (Alzheimer’s disease, 

dementia, or psychosis), have fewer comorbidities, have lower drug burden, and have no 

change in PD therapy. Additionally, patients with higher adherence to APDs were 

significantly more likely to have LTC stay(s) and have no preventive services use, 

compared to patients with low adherence to APDs.  

In the multivariate analysis of factors associated with patients’ adherence to APDs 

(Table 4.2.7), we excluded residential status (due to its collinearity with LTC stay) and 

Part D drug observation period (due to its collinearity with death in 2007). We performed 

three separate binary models regressing each of the three adherence subgroups (moderate, 
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high, and optimal MPR) against the reference group (low MPR). For each binary model, 

a Modified-Poisson regression with robust standard errors was used to generate the 

prevalence rate ratios (PRRs) of factors. After adjustment for covariates and sample 

selection bias with Heckman correction approach in the regression models, the following 

variables were significantly associated with higher adherence to APDs (Table 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 (PRR=0.85, 95% 

CI=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 (moderate adherence: 

PRR=0.92, 95% CI=0.88-0.97; high adherence: PRR=0.88, 95% CI=0.83-0.94; 

optimal adherence: PRR=0.77, 95% CI=0.70-0.86). A similar pattern was observed 

among patients who were of other races/ethnicities (Hispanic/Asian/Other).  

(3) Region: Compared to patients who were residents of the Northeast region, patients 

who were residents of the South region or West region were significantly less likely 

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 to APDs. No 

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 (moderate adherence: 

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 who 

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 moderate, 

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% 

CI=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 have higher 

adherence to APDs (moderate adherence: PRR=0.96, 95% CI=0.92-0.99; high 

adherence: PRR=0.88, 95% CI=0.84-0.93; optimal adherence: PRR=0.78, 95% 

CI=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 significantly 

more likely to have higher adherence. As well, patients with LTC stays between 1-

12 months were significantly more likely to have moderate adherence (PRR=1.04, 

95% CI=1.01-1.07), although no association was observed with high and optimal 

adherence. 

In summary, after adjustment for covariates and sample selection bias, consistent 

with our Hypothesis 2.3, patients who were younger (�  64 vs. 65 years or older), were 

white (vs. Black or Other races/ethnicities), were LIS recipients (vs. non-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 more likely 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 clinical characteristics across APD users1 with different levels 
of adherence to APDs from 6/1/2006 through 12/31/2007 or 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 users1  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) 345 (22.4)  
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) <0.001 

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) 1404 (91.3)  
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)  
Other2 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) 618 (40.2) <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) <0.001 

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) 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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9-10 494 (22.7) 358 (24.6) 562 (23.3) 372 (24.2)  
11-22 740 (34.0) 449 (30.8) 579 (24.0) 419 (27.3) <0.001 

Number of PD & non-PD 
drugs   

 
  

0-9 525 (24.1) 329 (22.6) 603(25.0) 354 (23.0)  
10-14 574 (26.3) 359 (24.7) 655 (27.2) 460 (29.9)  
15-20 546 (25.1) 387 (26.6) 604 (25.1) 367 (23.9)  
21-78 534 (24.5) 381 (26.2) 549 (22.8) 356 (23.2) 0.03 

Changes in PD therapy       
0 1543 (70.8) 1054 (72.4) 1844 (76.5) 1244 (80.9)  
1 342 (15.7) 250 (17.2) 373 (15.5) 200 (13.0)  
2-8 294 (13.5) 152 (10.4) 194 (8.0) 93 (6.1) <0.001 

Residential status      
Patients in communities 1307 (60.0) 762 (52.3) 1299 (53.9) 704 (45.8)  
Patients in LTC3 throughout  
the entire study period 

181 (9.3) 192 (13.2) 382 (15.8) 307 (20.0)  

Patients with LTC3 some 
time during  the study period 

691 (31.7) 502 (34.5) 730 (30.3) 526 (34.2) <0.001 

Length of LTC 3 stay      
0 month 1307 (60.0) 762 (52.3) 1299 (53.9) 704 (45.8)  
1-12 months 532 (24.4) 356 (24.5) 408 (16.9) 346 (22.5)  
13-19 months 340 (15.6) 338 (23.2) 704 (29.2) 487 (31.7) <0.001 

Preventive services use      
0 904 (41.5) 661 (45.4) 1150 (47.7) 801 (52.1)  
1 929 (42.6) 559 (38.4) 907 (37.6) 539 (35.1)  
2-3 346 (15.9) 236 (16.2) 354 (14.7) 197 (12.8) <0.001 

Death in 2007      
Yes 262 (12.0) 196 (13.5) 284 (11.8) 295 (19.2)  
No 1917 (88.0) 1260 (86.5) 2127 (88.2) 1242 (80.8) <0.001 

Part D drug observation 
period 

     

2-12 months 142 (6.5) 86 (5.9) 127 (5.3) 166 (10.8)  
13-18 months 587 (26.9) 429(29.5) 426 (17.7) 320 (20.8)  
19 months 1450(66.5) 941 (64.6) 1858 (77.1) 1051 (68.4) <0.001 

1APD users were defined as PD patients who had two or more APDs during the study period. 
2Other included the Natives of North American and individuals with other or unknown races and 
ethnicities. 
3 LTC=long-term care 
4 The statistical significance was set at P-value < 0.05. 
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Table 4.2.7: Factors associated with adherence to APDs among Medicare Part D enrollees with PD who 
used �  2 APDs from 6/1/2006 through 12/31/ 2007 or date of death 
 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) 
 PRR2 95% CI3 PRR2 95% CI3 PRR2 95% CI3 

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 (0.70-0.86)*** 
 Other4 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 (0.82-0.91)*** 
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 (1.02-1.12)* 
Seen by neurologists 
(yes/no) 1.02 (0.99-1.05) 0.99 (0.96-1.02) 0.98 (0.93-1.03) 

Had depression (yes/no)  1.01 (0.98-1.03) 0.97 (0.94-1.00) 1.04 (0.99-1.08) 
Cognitive conditions       

1 vs. 0 1.02 (0.99-1.05) 1.02 (0.98-1.06) 1.06 (0.99-1.12) 
2-3 vs. 0 0.99 (0.96-1.02) 0.95 (0.91-0.98)*** 0.93 (0.93-1.04) 

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)*** 0.87 (0.81-0.94)*** 

# 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       
1 vs. 0 1.02 (0.98-1.05) 1.00 (0.96-1.04) 0.95 (0.89-1.01) 
2-8 vs. 0 0.96 (0.92-0.99)* 0.88 (0.84-0.93)*** 0.78 (0.72-0.84)*** 

LTC stay       
1-12 months vs. 0 month 1.04 (1.01-1.07)** 0.99 (0.94-1.03) 1.03 (0.97-1.10) 
13-19 months vs. 0 month 1.10 (1.06-1.15)*** 1.21 (1.15-1.26)*** 1.23 (1.15-1.32)*** 

Preventive services use       
1 vs. 0 0.99 (0.97-1.02) 1.01 (0.97-1.04) 1.02 (0.96-1.07) 
2-3 vs. 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 (1.10-1.24)*** 
Inverse Mills’ Ratio 1.06 (0.94-1.19) 1.05 (0.91-1.21) 1.04 (0.85-1.28) 

1APD users were defined as PD patients who had two or more APDs during the study period. 
2 PRR=prevalence rate ratio, calculated as a ratio of the prevalence of outcome in the study group to the 
prevalence of outcome in the reference group; 3CI=confidence interval; * P < 0.05; **P < 0.01;***P < 
0.001 
4 Other included Hispanics, Asians, the Natives of Americans, and other or unknown races and ethnicities. 
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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 study results in 

Aim 2 by excluding potentially false Parkinson’s cases—those who had a history of 

Alzheimer’s disease and/or dementia. Those false PD patients might delay their APD use, 

and thus might have a lower use, shorter duration, and lower adherence to APDs, 

compared to true PD cases. Essentially, this sensitivity analysis aims to answer a question 

that “Will study results derived from the subset (without disease history) remain 

consistent to that from the overall sample (with and without disease history)?” As 

mentioned previously in the Methods section, to perform this sensitivity analysis, we 

replicated the multivariate analyses (i.e., the Modified Poisson regression with robust 

standard errors using sandwich estimation) presented earlier for estimating factors 

associated with three APD use measures (any use, duration, and adherence) among PD 

patients without a history of Alzheimer’s disease and/or dementia. The results of these 

multivariate analyses were presented as prevalence rate ratios (PRRs), which indicates 

the strength of association between factors and APD use outcomes. The multivariate 

results derived from the subset (without disease history) were then examined to determine 

if they were consistent to those reported in the overall PD patients (with and without such 

a history).  

 Results of sensitivity analyses of factors associated with APD use among the 

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 reported earlier for 

comparison purpose. As indicated, most factors significantly associated with APD use in 

the overall population remain statistically significant in the subset, with only two 
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exceptions: region of residency and cognitive conditions (e.g., diagnosis of psychosis, 

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 subset in comparison to 

the overall PD population. 

When examining factors associated with the other two APD use measures–duration 

and adherence, we limited the analyses to PD patients with �  2 fills 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 consistent to that from 

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 unchanged 

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/ethnicities, and LIS 

status. The non-significance is mainly due to the smaller sample size of the subset in 

comparison to the overall PD population.   
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Table 4.2.8: Multivariate results of factors associated with APD use among a subset of PD patients without 
a history of Alzheimer's disease and/or dementia (n=4,339) and among the overall PD patients (n=8,758) 
�

Factors 

Subset of patients without a 
history of Alzheimer’s and/or 

dementia (n=4,339) 

Overall patients with/without a 
history of Alzheimer’s and/or 

dementia (n=8,758) 

Use of APDs (use vs. no use)  Use of APDs (use vs. no use) 

Adjusted PRR1 95% CI2 Adjusted PRR1 95% CI2 

Age     
65 – 74 vs. �  64  1.01 (0.98-1.05) 1.02 (0.98-1.05) 
75 – 84 vs. �  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) 
Other3 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 (1.02-1.07)*** 
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)** 1.02 (1.00-1.04)** 
Seen by neurologists (yes/no) 1.15 (1.11-1.19)*** 1.19 (1.16-1.22)*** 
Had depression (yes/no)  0.99 (0.97-1.01) 1.00 (0.98-1.02) 
Cognitive conditions     

1 vs. 0 0.98 (0.96-1.01) 0.97 (0.95-0.99)** 
2-3 vs. 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)*** 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)*** 1.05 (1.02-1.08)*** 
19-76  vs. 0-7 1.04 (1.01-1.08)*** 1.07 (1.04-1.10)*** 

LTC stay      
1-12 months  vs. 0 month 1.03 (1.00-1.05)* 1.03 (1.01-1.05)** 
13-19  months vs. 0 month 0.98 (0.94-1.03) 1.01 (0.98-1.04) 

Preventive services use     
1 vs. 0 1.01 (0.99-1.03) 1.00 (0.99-1.02) 
2-3 vs. 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 (0.95-1.00) 
1PRR=prevalence rate ratio; 2CI=confidence interval.  
3Other include Hispanics, Asians, the Natives of North Americans, 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 associated with duration of APD therapy among a subset of 
APD users1 without a history of Alzheimer's disease and/or dementia (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) 

 PRR2 95% CI3 PRR2 95% CI3 PRR2 95% CI3 

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)*** 1.04 (1.00-1.08)* 
Race       

Black vs. White 0.99 (0.92-1.07) 0.97 (0.89-1.06) 0.93 (0.83-1.04) 
 Other4 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)*** 1.12 (1.07-1.17)*** 
Seen by neurologists (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       

1 vs. 0 0.97 (0.93-1.00) 0.92 (0.88-0.96)*** 0.88 (0.84-0.93)*** 
2-3 vs. 0 0.98 (0.94-1.02) 0.91 (0.86-0.96)*** 0.82 (0.75-0.89)*** 

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 (0.82-0.93)*** 
11-22  vs. 1-6 0.94 (0.89-1.00)* 0.90 (0.84-0.96)*** 0.72 (0.66-0.78)*** 

# 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       
1 vs. 0 1.10 (1.06-1.14)*** 1.11 (1.06-1.16)*** 1.12 (1.07-1.16)*** 
2-8 vs. 0 1.11 (1.06-1.16)*** 1.09 (1.04-1.15)*** 1.07 (1.01-1.13)* 

LTC stay       
1-12 months vs. 0 month 1.08 (1.04-1.13)** 0.91 (0.87-0.96)*** 0.66 (0.60-0.74)*** 
13-19 months vs. 0 month 1.15 (1.09-1.22)*** 1.02 (0.94-1.10) 1.03 (0.95-1.11) 

Preventive services use       
1 vs. 0 1.02 (0.99-1.06) 1.03 (0.99-1.07) 1.02 (0.97-1.06) 
2-3 vs. 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 (0.42-0.49)*** 
Inverse Mills’ Ratio 0.94 (0.81-1.10) 0.88 (0.75-1.03) 1.03 (0.89-1.18) 

1APD users were defined as PD patients who had two or more APDs during the study period. 
2 PRR=prevalence rate ratio, calculated as a ratio of the prevalence of outcome in the study group to the 
prevalence of outcome in the reference group; 3CI=confidence interval; * P < 0.05; **P < 0.01;***P < 
0.001 
4 Other included Hispanics, Asians, the Natives of Americans, and other or unknown races and ethnicities. 
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Table 4.2.10: Multivariate results of factors associated with adherence to APDs among a subset of APD 
users1 without a history of Alzheimer's disease and/or dementia (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) 
 PRR2 95% CI3 PRR2 95% CI3 PRR2 95% CI3 

Age       
 65 – 74 vs. �  64  1.00 (0.94-1.07) 0.98 (0.91-1.06) 0.88 (0.79-0.99)*** 
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)*** 0.71 (0.60-0.84)*** 
Other4 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 neurologists (yes/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       

1 vs. 0 1.04 (1.00-1.08) 1.03 (0.98-1.08) 1.07 (0.99-1.15) 
2-3 vs. 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)* 0.91 (0.84-0.98)*** 0.90 (0.80-1.01) 

# 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       
1 vs. 0 1.01 (0.97-1.05) 0.99 (0.94-1.04) 0.96 (0.88-1.04) 
2-8 vs. 0 0.98 (0.94-1.02) 0.87 (0.82-0.93)*** 0.80 (0.72-0.88)*** 

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 (1.25-1.56)*** 

Preventive services use       
1 vs. 0 0.98 (0.94-1.02) 1.00 (0.96-1.05) 1.01 (0.94-1.09) 
2-3 vs. 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 (1.16-1.43)*** 
Inverse Mills’ Ratio 1.04 (0.90-1.21) 1.14 (0.95-1.37) 1.09 (0.82-1.44) 

1APD users were defined as PD patients who had two or more APDs during the study period. 
2 PRR=prevalence rate ratio, calculated as a ratio of the prevalence of outcome in the study group to the 
prevalence of outcome in the reference group; 3CI=confidence interval; * P < 0.05; **P < 0.01;***P < 
0.001 
4 Other included Hispanics, Asians, the Natives of Americans, and other or unknown races and ethnicities. 
�
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4.3.6. Summary of Aim 2 

We summarized the results of regression analyses of factors associated with 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 eligibility, early 

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.e., �  400 days ) was significantly 

associated with female, non-LIS eligibility, early enrollees, having no 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., MPR �  0.7) was significantly 

associated with younger age (�  64 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 between the subset 

(without a history of Alzheimer’s disease and/or dementia) and the overall PD sample 

(with and without such a history). This finding suggests that including PD patients with a 

history of Alzheimer’s disease and/or dementia in our study sample was unlikely to affect 

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 utilization 
and expenditures among Medicare PDP enrollees with PD, after adjusting for patients’ 
demographics (age, gender, race/ethnicity, and residency), whether seen by neurologists, 
LIS status, early enrollment, medical conditions (comorbidities, cognitive function, and 
depression), medication-related factors (drug burden and changes in APD therapy), LTC 
stay, preventive services use, and healthcare utilization at baseline (1/1/2006-5/31/2006). 

 
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 A SNF (28.2%) 

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 proportion had 

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 episodes 

(5.6%), and physician visits (51.8%) with either a primary or a secondary diagnosis of 

comorbidities commonly seen in PD patients.  

Table 4.3.1: Overall healthcare utilization for all causes, PD only, and PD-related comorbidities among 
Medicare PD patients enrolled in PDPs from 6/1/2006 throughout 12/31/ 2007 or date of death  

Disease groups 

Healthcare services (n=8,758) 

Hospitalization ER visit SNF episode HHA episode Physician visit 
n (%) n (%) n (%) n (%) n (%) 

All causes 4,472 (51.1) 5,479 (62.5) 2,469 (28.2) 2,555 (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 calculated among 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:Overall healthcare expenditures among Medicare 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) $19,463 (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 100 patient-years) for 

five services (hospital, ER, Part A SNF, HHA, and physician care) were compared 

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 patients using 

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 crude rate 

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 services (hospital, ER, 

Part A SNF and HHA care). In terms of PD-only utilization, APD users (vs. non-APD 

users) had a higher utilization rate for each of the five services. With respect to PD-

related-comorbidities utilization, APD users (vs. non-APD users) had a higher rate of 

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 comorbidities. 

Four categories of healthcare expenditures (total, Part A, Part B, and Part D) were 

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 utilization by APD use among 8,758 Medicare PD patients 
 Health services (n=8,758 patients) 

APD use 
Hospitalization ER visit SNF episode HHA episode physician visit 

Rate1  Rate1 Rate1 Rate1 Rate1 
 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 
1Rate = visits/episodes per 100 patient-years; T-tests were performed with significance set at P < 0.05. 

 

Table 4.3.4: Crude healthcare expenditures by APD use among 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 with significance set at P<0.05. 
 

(3) By duration of APD therapy 

Rates of healthcare utilization for five services were compared across four groups 

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 across DOT groups 

were tested with ANOVA. All-cause utilization rates for four services (hospital, ER, Part 
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A SNF, and HHA care) significantly decreased as duration of APD therapy increased. 

However, the association with all-cause physician visits was in the opposite direction 

(i.e., rate of physician visits significantly increased with increased DOT). Similar patterns 

were observed for both PD-only and PD-related-comorbidities utilization outcomes. Four 

categories of healthcare expenditures were examined across the four DOT groups using 

ANOVA (Table 4.3.6). Significantly lower total, Part A, and Part B expenditures were 

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 utilization by duration of therapy among 7,583 PD patients using � 2 
APDs 

Duration of 
therapy 

Health services (n=7,583 patients) 
Hospitalization ER visit SNF episode HHA episode Physician visit 

Rate1 Rate1 Rate1 Rate1 Rate1 
 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 –578 days; Maximum DOT=579 days 
1Rate = visits/episodes per 100 patient-years; ANOVA tests were performed with significance set at P < 
0.05.  
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Table 4.3.6: Crude healthcare expenditures by duration of therapy among 7,583 PD patients using �  2 
APDs 

Duration of therapy 
(days) 

Healthcare expenditures (n=7,583) 
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 –578 days; Maximum =579 days 
SD: Standard deviation; ANOVA test were performed with significance set at P<0.05. 
 

(4) By adherence to APDs  

Healthcare utilization were examined across four groups with varying adherence to 

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 services significantly differed 

across MPR groups. For each service, utilization rate was lower in the higher MPR 

groups (i.e., 0.90-0.99 and 1.00), compared to the lower MPR groups (i.e., � 0.70 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 significantly lower for 

patients with higher APD adherence than patients with lower APD adherence (Table 

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 utilization by adherence among 7,583 PD patients using �  2 APDs  

Adherence (MPR) 

Health services (n=7,583) 
Hospitalization ER visit SNF episode HHA episode Physician visit 

Rate1 Rate1 Rate1 Rate1 Rate1 
 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 –0.99; Optimal MPR=1.0 
1Rate = visits/episodes per 100 patient-years; ANOVA were performed with significance set at P < 0.05. 
 

Table 4.3.8: Crude healthcare expenditures by adherence among 7,583 PD patients using �  2 APDs  

Adherence to APDs 
(MPR) 

Healthcare expenditures (n=7,583) 

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 –0.99; Optimal MPR=1.0 
SD: Standard deviation; T-tests were performed with significance 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 nursing facility (SNF) 
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 expenditures, 
but higher Part D expenditures, after controlling for other covariates and sample 
selection bias 

 

We assessed the associations of APD use with healthcare utilization (hypothesis 

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 in Chapter 3: 

Methods). We detail the adjusted estimates of APD use for disease-specific utilization 

(all causes, PD-only, and PD-related comorbidities) followed by expenditure outcomes 

(total, Part A, Part B and Part D) as follows. We also attached results of full models that 

included both APD use and all the control covariates for all-cause hospitalizations and 

total expenditures in Appendix E.   

 

4.4.2.a. Association of APD use with all-cause healthcare utilization (Table 4.3.9)  

(1) Hospitalizations: Overall, the use of APDs (vs. non-use) was not significantly 

associated with all-cause hospitalizations. However, a significant association was 

observed when APD use was analyzed as a categorical variable based on the number 

of 30-day standardized APD prescriptions. Rate of all-cause hospitalizations was 

significantly higher among users with 12 or fewer 30-day standardized APD 

prescriptions [rate ratio (RR) =1.14], but significantly lower among users with 19 or 



 

172�
 

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 levels of APD 

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 as a categorical 

variable indicated that rate of all-cause ER visits was significantly higher among 

users with 12 or fewer 30-day standardized APD prescriptions, as compared to non-

users.  

(3) Part A SNF episodes: APD use, measured as a dichotomous variable, was 

significantly associated with an increased rate of all-cause Part A SNF 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 indicated that 

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 episodes: No association of APD use (dichotomous or categorical variables) 

was observed with all-cause HHA episodes. 

(5) Physician visits: APD use (dichotomous and categorical variables) was significantly 

associated with a reduced rate of all-cause physician visits. The rate for APD users 

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 among users 

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-only utilization 

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% 

CI=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 APD standardized 

prescriptions, similar significantly positive association was observed for all five 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 significant association 

was observed when APD use was analyzed as a categorical variable. Hospitalization 

rates were significantly lower among users with 19 or more 30-day standardized APD 

prescriptions (RR=0.79 for 19-28 prescriptions; RR=0.82 for 29+ prescriptions), 

compared to non-APD users.  

(2) Part A SNF episodes: APD use, analyzed as a dichotomous variable, was significantly 

associated with an increased rate of Part A SNF episodes due to PD-related 
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comorbidities. The rate for APD users was 44% higher than that for non-APD users 

(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 users with 19 

or more 30-day standardized APD prescriptions, compared to non-APD users (0 

prescriptions).  

(3) HHA episodes: APD use, analyzed as a dichotomous variable, was significantly 

associated with a reduced rate of HHA episodes due to PD-related comorbidities. The 

rate for APD users was 14% lower than that for non-APD users (RR=0.86, 95% 

CI=0.73-0.98). Analysis of APD use as a categorical variable further showed that the 

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 visits: No association of APD use (either as a dichotomous or 

categorical variable) was observed with ER visits and physician visits due to PD-

related comorbidities.  

  



 

175�
 

Table 4.3.9: Adjusted association between APD use and healthcare utilization among 8,758 Medicare Part 
D enrolees with PD from 1/1/ 2006 throughout 12/31/ 2007 or date of death 

APD use 

Healthcare utilization (n=8,758) 

Hospitalizations ER visits SNF episodes HHA episodes Physician visits 
 RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI 

 All-cause 
Dichotomous use             

No use   1.00  1.00  1.00  1.00  1.00  
Use �  1 APD 0.99 0.92-1.06 1.03 0.96-1.10 1.20 1.07-1.35† 1.06 0.95-1.18 0.93 0.88-0.98† 

Categorical use a           
0 (reference) 1.00  1.00  1.00  1.00  1.00  
1– 12 

1.14 1.06-1.24† 1.11 1.02-1.20† 1.34 1.22-1.47† 1.06 0.94-1.19 0.91 0.86-0.97† 
13–18 0.97 0.90-1.05 1.01 0.93-1.10 1.09 1.00-1.20† 1.04 0.92-1.18 0.94 0.88-0.99† 
19–28  0.90  0.83-0.98† 0.99 0.91-1.08 0.80 0.73-0.89† 1.08 0.95-1.23 0.95 0.87-1.01 
29 +   0.89  0.82-0.97† 0.99 0.91-1.08 0.81 0.74-0.90† 1.05 0.92-1.19 0.96 0.90-1.02 

 PD-only 
Dichotomous use              

No use   1.00  1.00  1.00  1.00  1.00  

Use �  1 APD 2.96 2.37-3.71† 2.35 1.92-2.88† 1.83 1.57-2.14† 1.60 1.38-1.85† 1.52 1.40-1.65† 
Categorical use a           

0 (reference) 1.00  1.00  1.00  1.00  1.00  
1–12  2.22 1.75-2.83† 1.89 1.51-2.35† 1.97 1.68-2.31† 1.35 1.15-1.59† 1.39 1.27-1.53† 
13–18 2.81 2.22-3.56† 1.93 1.55-2.41† 1.42 1.22-1.65† 1.49 1.27-1.75† 1.38 1.26-1.51† 
19–28  3.29 2.59-4.19† 2.50 2.00-3.12† 1.16 1.00-1.38† 1.85 1.57-2.19† 1.55 1.41-1.70† 
29 +  3.96 3.13-5.01† 3.35 2.70-4.16† 1.47 1.24-1.73† 1.88 1.60-2.22† 1.83 1.67-2.01† 

 PD-related comorbidities 
Dichotomous use              

No use   1.00  1.00  1.00  1.00  1.00  
Use �  1 APD 0.91 0.80-1.04 1.03 0.91-1.17 1.44 1.24-1.67† 0.86 0.73-0.98† 0.98 0.89-1.08 

Categorical use a           
0 (reference) 1.00  1.00  1.00  1.00  1.00  
1–12 1.01 0.87-1.17 1.13 0.98-1.30 1.51 1.29-1.76† 0.75 0.64-0.89† 1.00 0.89-1.11 
13–18 0.95 0.82-1.10 1.05 0.92-1.22 1.39 1.19-1.61† 1.00 0.85-1.18 1.01 0.90-1.12 
19 –28  0.79 0.67-0.93† 0.88 0.75-1.02 0.62 0.52-0.74† 0.94 0.79-1.12 1.02 0.91-1.15 
29 + 0.82 0.71-0.97† 1.00 0.86-1.16 0.85 0.72-1.00† 0.68 0.57-0.81† 0.96 0.86-1.08 

a Prescriptions were standardized to a 30-day supply. RR=Rate Ratio; CI= Confidence interval; † indicates 
a statistical significance at P-value less than 0.05. Variables adjusted in these analyses included 
demographics (age, gender, race, and residency), LIS status, PDP enrollment, seen by neurologists, 
depression, cognitive conditions, comorbidities, drug burden (# of non-PD drugs), preventive services use, 
all-cause utilization of interest at baseline (1/1/2006-5/31/2006), and inverse Miller’s ratio (IMR). IMR was 
significant in all five utilization outcome models. The length of LTC stay was controlled in all models but 
not for SNF models due to a high correction between LTC 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 expenditures: No statistical difference in total expenditures was observed 

between APD and non-APD users. However, analysis of categorical APD use showed 

that total expenditures were significantly higher among users with 29 or more 30-day 

standardized APD prescriptions ($ 5,043; p<0.001 vs. non-APD users with 0 

prescriptions). The higher total expenditures incurred by patients with the highest 

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 number of 30-day 

standardized APD prescriptions. Significantly lower Part A expenditures were 

observed among users with 13 or more 30-day standardized APD prescriptions, as 

compared with non-APD users (0 prescriptions).  

(3) Part B expenditures: No 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 significantly lower 

Part B expenditures (-$842; P< 0.001 vs. non-APD users with 0 prescriptions). 

(4) Part D expenditures: APD 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 standardized 

APD prescriptions (except for patients with 1-12 prescriptions).  
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Table 4.3.10: Adjusted association between APD use and healthcare expenditures among 8,758 Medicare 
PD enrollees with PD from 6/1/ 2006 throughout 12/31/ 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 �  1 APD 784 1,036 -4,253 1,597† -546 360 3,714 351† 

Categorical use a         
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 1,965† -845 412† 2,396 274† 
19 –28  -788 1,199 -7,684 1,946† -685 434 4,041 325† 
29 + 5,043 1,261† -6,824 1,987† -20 442 7,412 379† 

a Prescriptions were standardized to a 30-day supply. ME= marginal effect calculated as differences in 
expenditure outcomes between users and non-user groups; SE= standard error; † indicates a statistical 
significance at P-value less than 0.05. Adjusted variables included demographics (age, gender, race, and 
residency), LIS status, PDP enrollment, seen by neurologists, depression, cognitive conditions, 
comorbidities, drug burden (# of non-PD drugs), preventive services use, LTC stay, death in 2007, all-
cause hospitalizations at baseline (1/1/2006-5/31/2006), 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 results indicated that 

both all-cause ER visits and HHA episodes were not associated with, but all-cause 

physician visits were significantly negatively associated with APD use (dichotomous and 

categorical). These findings were not expected from our initial Hypothesis 3.1.1. For all-

cause hospitalizations and Part A SNF episodes, we observed inconsistent data between 

dichotomous APD use and categorical APD use. Analysis of the dichotomous APD use 

indicated no association with hospitalizations, and a significantly positive association 

with Part A SNF episodes. However, analysis of categorical APD use suggested the 

effect of APD use on both hospitalizations and Part A SNF episodes was non-linear. This 

is, the rates were higher with intermittent APD use (18 or fewer 30-day standardized 

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 suggest that using 
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dichotomous measure for APD use may not sufficient to characterize its association with 

all-cause Part A SNF and hospital utilization.  

In the analysis of PD-related-comorbidities utilization, adjusted results showed that 

APD use (dichotomous and categorical) was not associated with ER visits and physician 

visits, but was significantly associated with lower rate of HHA episodes (which is 

consistent to our hypothesis). We observed inconsistent results between dichotomous and 

categorical APD use for hospitalizations and Part A SNF episodes. The dichotomized 

APD use suggested no association with hospitalizations, and a positive association with 

Part A SNF episodes. However, the categorical APD use revealed that intermittent 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 utilization for 

hospital and Part A SNF care for PD-related comorbidities.  

In the analysis of PD-only utilization, adjusted results showed that, contrary to our 

Hypothesis 3.1.1, APD use (dichotomous and categorical) was associated with increased 

rates of utilization for all five services. These findings should be interpreted with caution 

as they might be subject to confounding by PD severity; that is patients with more severe 

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 increased Part D 

expenditures. These findings were consistent with our Hypothesis 3.1.2. However, our 

multivariate results did not provide supportive evidence for the hypothesis regarding 

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 patients 
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. 
 
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 healthcare utilization 

(hypothesis 3.2.1) and expenditures (hypothesis 3.2.2) using negative binomial and 

gamma GLMs, respectively, adjusting for covariates and sample selection bias. These 

GLMs were performed among 7,583 PD patients with �  2 APDs (two data points are 

required to measure DOT). We detail the adjusted estimates of DOT for disease-specific 

utilization (all causes, PD-only, and PD-related comorbidities), followed by expenditure 

outcomes (total, Part A, Part B and Part D) as follows. Full model results including DOT 

and all the control variables for all-cause hospitalizations and total expenditures are 

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 with all-cause 

hospitalizations, ER visits, Part A SNF episodes and HHA episodes. Patients with longer 

DOT had significantly lower all-cause hospitalization rates (RR=0.85, 95% CI=0.80-0.89 

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 pattern was 

observed for all-cause ER visits and Part A SNF episodes. However, a different pattern 
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was detected for all-cause HHA episodes, with a significantly higher rate observed 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 significantly higher 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 decreased with 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 DOT. For PD-only 

physician visits, a significantly higher rate was observed in the medium DOT group, 

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 associated with rates of 

PD-related- comorbidities hospitalizations, ER visits, and Part A SNF episodes. The rates 

of these three services decreased with increasing DOT. Conversely, rates of HHA 

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 in 

the long and maximum DOT group, compared with the short DOT group.  
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Table 4.3.11: Adjusted association between DOT and healthcare utilization among 7,583 Medicare Part D 
enrolees with PD from 6/1/ 2006 throughout 12/31/ 2007 or date of death 

Duration 
of therapy  

(DOT) 

Healthcare utilization (n=7,583) 
Hospitalizations ER visits SNF episodes HHA episodes Physician visits 
RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI 

 All-cause 
Short  1.00  1.00  1.00  1.00  1.00  
Medium  0.85 0.80-0.89† 0.89 0.83-0.94† 0.99 0.91-1.08 1.19 1.08-1.32† 1.05 1.00-1.11† 
Long   0.72 0.68-0.76† 0.84 0.78-0.90† 0.23 0.20-0.25† 1.06 0.97-1.18 1.00 0.95-1.05 
Maximum   0.08 0.07-0.09† 0.49 0.45-0.54† 0.03 0.03-0.04† 0.71 0.63-0.80† 1.00 0.94-1.06 
 PD-only 
Short  1.00  1.00  1.00  1.00  1.00  
Medium   1.28 1.13-1.46† 1.07 0.83-1.39 0.96 0.85-1.07 1.25 1.11-1.41† 1.12 1.04-1.20† 
Long   1.32 1.15-1.50† 1.21 0.93-1.58 0.18 0.16-0.21† 1.20 1.06-1.36† 1.01 0.94-1.08 
Maximum  0.25 0.20-0.31† 0.79 0.56-1.09 0.02 0.01-0.02† 0.88 0.75-1.02 1.01 0.94-1.09 
 PD-related-comorbidities 
Short  1.00  1.00  1.00  1.00  1.00  
Medium  0.87 0.78-0.97† 0.93 0.83-1.03 0.94 0.84-1.06 1.51 1.09-2.08† 1.17 1.06-1.29† 
Long   0.72 0.63-0.81† 0.79 0.70-0.89† 0.18 0.16-0.21† 1.11 0.79-1.55 0.97 0.88-1.07 
Maximum   0.08 0.05-0.11† 0.53 0.45-0.62† 0.02 0.02-0.03† 1.28 0.86-1.91 0.97 0.87-1.07 

Short: �  400 days; Medium: 401–539 days; Long: 540–578 days; Maximum: 579 days 
RR=Rate ratio; CI=Confidence interval; † indicates a statistical significance at P-value less than 0.05. 
Adjusted variables included demographics (age, gender, race, and residency), LIS status, PDP enrollment, 
seen by neurologists, depression, cognitive conditions, comorbidities, drug burden (# of PD and non-PD 
drugs), changes in APD therapy, preventive services use, all-cause utilization outcome of interest at 
baseline (1/1/2006-5/31/2006), and inverse Miller’s ratio (IMR). IMR was significant in all five utilization 
outcome models. The length of LTC stay was controlled in all models, but not for SNF outcome models 
due to a high correction between LTC stay and SNF utilization. 
 

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 with 

increasing DOT.  
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Table 4.3.12: Adjusted association between duration of therapy and healthcare expenditures among 7,583 
Medicare Part D enrolees with PD from 6/1/2006 throughout 12/31/2007 or date of death 
Duration of 
therapy  
(DOT) 

Healthcare  expenditures (n=7583) 
Total Part A Part B Part D 

ME ($) SE ME ($) SE ME ($) SE ME ($) SE 

Short  0  0  0  0  
Medium  648 1,128 -193 2,566 345 384 1,914 304† 

Long   -7,289 1,117† -6,931 2,417† -412 393† 3,093 339† 

Maximum   -13,961 1,102† -21,910 1,972† -1,448 427† 4,832 404† 
Short: �  400 days; Medium: 401–539 days; Long: 540–578 days; Maximum: 579 days 
ME= marginal effect calculated as difference in expenditure outcome between DOT groups; SE=standard 
error; † indicates a statistical significance at P-value less than 0.05. Adjusted variables included 
demographics (age, gender, race, and residency), LIS status, PDP enrollment, seen by neurologists, 
depression, cognitive conditions, comorbidities, drug burden (# of PD and non-PD drugs), changes in APD 
therapy, preventive service use, LTC stay, death in 2007, all-cause hospitalization at baseline (1/1/2006-
5/31/2006), and inverse Miller’s ratio (IMR). IMR was significant in all four expenditure outcome models.  
 

4.4.3.e. Summary for Hypotheses 3.2.1 and 3.2.2 

Compared to patients with short DOT (�  400 days), patients with long (540-578 

days) or maximum DOT (579 days) had lower rates of all-cause utilization for four 

services (hospital, ER, Part A SNF, and HHA care), PD-only utilization for two services 

(hospital and Part A SNF care), and PD-related-comorbidities utilization for three 

services (hospital, ER, and Part A SNF services). Conversely, patients with the moderate 

DOT (401-539 days) had a higher rate of physician visits related to all-cause, PD-only, 

and PD-related comorbidities. These findings were consistent with our Hypothesis 3.2.1. 

However, contrary to the hypothesis, medium or long DOT (vs. short DOT) was 

significantly associated with an increased rate of HHA episodes related to all 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 expenditures, 

but increased Part D expenditures. These findings were consistent with our Hypothesis 

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 selection 
bias. 

 
We assessed the association of adherence to APDs with healthcare utilization 

(hypothesis 3.3.1) and expenditure outcomes (hypothesis 3.3.2) using negative binomial 

and gamma GLMs, respectively, adjusting for covariates and sample selection bias. The 

GLMs were performed among 7,583 PD patients with �  2 APDs (two data points are 

required to measure adherence). We detail adjusted estimates of APD adherence for 

disease-specific utilization (all causes, PD-only, and PD-related comorbidities), followed 

by expenditure outcomes (total, Part A, Part B and Part D) in the following section. Full 

regression model results for all-cause hospitalizations and total expenditures are attached 

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 reduced rate of all-cause 

utilization for all five services (hospital, ER, Part A SNF, HHA, and physician care). 

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 hospitalizations rates, 

compared to patients with low adherence. A similar pattern was observed for all-cause 

ER visits, Part A SNF episodes, HHA episodes, and physician visits. 
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4.4.4.b. Association of  adherence with PD-only healthcare utilization (Table 4.3.13)   

 Higher adherence to APDs was significantly associated with reduced rates of PD-only 

hospitalizations, ER visits, and Part A SNF episodes, but not with PD-only HHA 

episodes and physician visits. A significantly lower rate of hospitalizations for PD 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 significantly reduced 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 rates of Part A SNF 

episodes for PD only were observed in the high and optimal MPR groups (RR=0.86; 95% 

CI=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 adherence, 

had a significantly lower rate of PD-related-comorbidities utilization for all five services 

(hospital, ER, Part A SNF, HHA, and physician care), compared to patients with low 

adherence to APDs. Patients with a moderate MPR (vs. low MPR) had a significantly 

lower rate of ER visits (RR=0.82, 95% CI=0.73-0.92) and physician visits (RR=0.86, 

95% CI=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 adherence to APDs and healthcare utilization among 7,583 
Medicare Part D with PD from 6/1/2006 throughout 12/31/2007 or date of death 

APD 
adherence 
(MPR) 

Healthcare utilization (n=7,583) 

Hospitalizations ER visits SNF episodes HHA episodes Physician visits 
RR 95% CI RR 95% CI RR 95% CI RR 95% CI 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 0.88-1.02 1.19 1.07-1.31† 0.91 0.83-1.00 0.94 0.90-0.99† 
High  0.88 0.83-0.93† 0.90 0.84-0.96† 0.78 0.70-0.86† 0.83 0.76-0.91† 0.94 0.91-0.99† 
Optimal  0.83 0.78-0.89† 0.93 0.87-0.99† 0.59 0.53-0.67† 0.81 0.73-0.90† 0.92 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 0.74-0.95† 1.24 1.08-1.43† 1.08 0.96-1.22 1.01 0.95-1.08 

High  1.03 0.92-1.16 0.80 0.71-0.89† 0.86 0.75-0.98† 0.99 0.88-1.10 0.99 0.93-1.04 

Optimal  0.86 0.76-0.99† 0.74 0.65-0.85† 0.59 0.51-0.68† 0.89 0.79-1.01 0.99 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 0.73-0.92† 0.96 0.83-1.11 1.16 1.01-1.34† 0.86 0.78-0.94† 
High  0.87 0.77-0.98† 0.81 0.72-0.90† 0.72 0.64-0.83† 0.95 0.84-1.08 0.85 0.79-0.92† 
Optimal  0.88 0.77-1.00† 0.88 0.78-0.99† 0.69 0.59-0.80† 0.82 0.71-0.95† 0.85 0.77-0.93† 

Low: �  0.79; moderate: 0.8–.89; high: 0.90-0.99; optimal =1.00 
RR=Rate ratio; CI= Confidence interval; † indicates a statistical significance at P-value less than 0.05. 
Adjusted variables included in these analyses were similar to that in the analysis with all-cause utilization 
outcomes as the dependent variables and duration of therapy (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 lower total (-

$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 observed between 

the moderate and low MPR groups. Part D expenditures significantly increased with 

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 APDs and healthcare expenditures among 7,583 Medicare 
Part D enrolees with PD from 6/1/2006 throughout 12/31/2007 or date of death 
APD 
adherence 
(MPR) 

Healthcare  expenditures (n=7,583) 
Total Part A Part B Part D 

ME ($) SE ME ($) SE ME ($) SE ME ($) SE 
Low  0  0  0  0  
Moderate   85 948 -2,935 1,539 -439 343 1,483 211† 
High  -1,916 856† -6,295 1,443† -632 322† 3,009 300† 
Optimal  -2,689 1001† -8,041 1,544† -1,160 338† 3,165 311† 

Low: �  0.79; moderate: 0.8–.89; high: 0.90-0.99; optimal =1.00 
ME= marginal effect calculated as differences in expenditure outcomes between MPR groups; SE= 
standard error; † indicates a statistical significance at P-value less than 0.05. Adjusted variables included 
demographics (age, gender, race, and residency), LIS status, PDP enrollment, seen by neurologists, 
depression, cognitive conditions, comorbidities, drug burden (# of PD and non-PD drugs), changes in APD 
therapy, preventive service use, LTC stay, death in 2007, all-cause hospitalization at baseline (1/1/2006-
5/31/2006), and inverse Miller’s ratio (IMR). IMR was significant in all four expenditure outcome models.  
 

4.4.4.e.  Summary for Hypotheses 3.3.1 and 3.3.2 

Compared to patients with low adherence to APDs (MPR � 0.70), patients with 

high (MPR=0.90-0.99) and optimal adherence (MPR=1.00) had significantly lower rates 

of all-cause utilization for five services (hospital, ER, Part A SNF, HHA, and physician 

care), PD-only utilization for three services (hospital, ER and Part A SNF care), and PD-

related-comorbidities utilization for all the five services. These findings were consistent 

with our Hypothesis 3.3.1. Moderate adherence to APDs (MPR=0.80-0.89 vs. � 0.79) was 

significantly associated with a lower utilization rate of three services (all-cause physician 

visits, PD-related-comorbidities ER visits and physician visits), but a higher rate of three 

services (all-cause/PD-only Part A SNF episodes and PD-related-comorbidities 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 A, and Part B 

expenditures, but increased Part D expenditures. Total, Part A, and Part B expenditures 
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did not significantly differ between the moderate and low adherers. These findings were 

consistent with our Hypothesis 3.3.2.  

�

4.4.5. Summary of Aim 3 

We summarized multivariate results of the association between healthcare utilization 

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 HHA episodes (PD-

related-comorbidities). Inconsistent data were observed for hospitalizations and Part A 

SNF episodes (both all-cause and PD-related-comorbidities) between dichotomous and 

categorical APD use. Using dichotomous APD use, we detected no association for 

both types of hospitalizations and a significantly positive association for both types of 

Part A SNF episodes. However, results from categorical APD use revealed that rates 

of hospitalizations and Part A SNF episodes varied by the amount of APD use, with a 

significantly lower rates observed among continuous APD users (those with 19 or 

more 30-day standardized APD prescriptions). The findings from categorical analysis 

on APD use suggest that using categorical APD use, rather than dichotomous APD 

use, is preferable for characterizing its association with hospitalizations and Part A 

SNF episodes due to all cause and PD-related comorbidities.   
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  Additionally, we observed that APD use (both dichotomous and categorical 

variables) was significantly associated with increased rates of PD-only utilization for 

five health services: hospital, ER, Part A SNF, HHA, and physician care. These 

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 significantly 

associated with decreased Part A expenditures and increased Part D expenditures, but 

not associated with Part B expenditures. The significant reduction in Part A 

expenditures for APD users was offset by their higher Part D drug expenditures, 

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 (� 540 days) was significantly associated with 

reduced rates of all-cause utilization for four services (hospital, ER, Part A SNF, and 

HHA care), reduced rates of PD-only utilization for two services (hospital and Part A 

SNF care), and reduced rates of PD-related-comorbidities utilization for three 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 episodes and 

physician visits related to all cause, PD-only, and PD-related comorbidities. 
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(2) Healthcare expenditures 

Longer duration of APD therapy (� 540 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 moderate and short 

DOT group in healthcare expenditures, except for Part D expenditures. The significant 

increase in Part D expenditures for patients with longer duration of APD therapy was 

largely offset by their lower Part A and Part B expenditures, resulting in total 

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� 0.90) was significantly associated with reduced 

rates of all-cause utilization for five services (hospital, ER, Part A SNF, HHA, and 

physician care), reduced rates of PD-only utilization for three services (hospital, ER, 

and Part A SNF), and reduced rates of PD-related comorbidities for all the five 

services.  

(2) Healthcare expenditures 

Higher adherence to APDs (MPR� 0.90) was significantly associated with reduced 

total, Part A, and Part B expenditures, although increased Part D expenditures. The 

significant increase in Part D expenditures for patients with higher APD adherence 

was largely offset by their lower Part A and Part B expenditures, resulting in total 

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, including three primary 

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 measures; and (3) to assess the 

association of the primary APD use measures with healthcare utilization and expenditures 

among Part D enrollees with PD. We present the major findings of each aim and discuss 

their implications as follows.  

 

5.1. Aim 1 

5.1.1. Main findings on primary APD use measures 

(1)APD use  

 Our study demonstrates that the majority (88%) of Medicare Part D beneficiaries 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 data).14, 15 We have several explanations for the 

discrepancy. This higher percentage could be due to the availability of Medicare Part D 

drug coverage.136 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 332.0 in two 

consecutive years) might yield a more accurate picture of true PD cases actually in need 

of APDs to control their motor symptoms, than did the approach used in previous 

studies.14, 15 Accordingly, our study showed a relatively higher prevalence of APD users 

than that in those prior studies. Further, the higher percentage of APD users in our study 

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-report data utilized by 

two prior studies (i.e., SAGE and MCBS). In summary, using a more accurate definition 

of PD and detailed prescription claims data, our findings reflect the more current APD 

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% of 

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-based15, 48, 49 and clinical studies64, 84, 137, as well as 

European cohort studies.69  The second most commonly used APD class was dopamine 

agonists (DAs), present in 35.2% of total APD users. Other four APD classes (i.e., MAO-

B inhibitors, COMT inhibitors, anticholinergics, and amantadine) were used by less than 

10% of APD users in our study, and these observations are consistent with previous 

studies in the U.S.15, 48, 49 Overall, 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 class reflect the 

current American Academy of Neurology guidelines for the treatment of PD.13, 62 In the 
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guidelines, DPs and DAs are recommended as a major first-line treatment, whereas other 

classes of APDs are considered as adjunctive therapies with DPs or DAs, and used when 

PD patients present with certain complications (e.g., COMT inhibitors in combination 

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 are treated with 

APDs have not been reported until this study. Our data showed that three-fourths (75.3%, 

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 treatment form, the 

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 the early stage of 

PD with a lower need for APD therapy, or in the very advanced stage of PD with a lower 

APD use due to increasing intolerance of these agents. We also analyzed duration of 

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 practice either as 

monotherapy or as combination therapy, compared to other APD classes.13, 62  
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(3)Adherence to APDs 

Adherence to APDs (measured as MPR) was generally high among PD patients 

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 treatment duration). In 

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. The remainder 

(56.0%, 900/1,608) of the patients with an MPR of � 1.0 might be tempted to stockpile 

their medications for a later use; however, the amount of overstock was not excessive, 

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%- 53.5%),16, 17, 138 but lower than that in clinical 

trials (ranging 80.0%-97.7%).64, 84  

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 drug coverage, 

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 assessed APD 

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 required in two 
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consecutive years), our study were likely to have observed true PD cases who required 

APD therapy, and this might explain a higher percentage of patients with good adherence 

(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 adherence. 

The study population of clinical studies mainly consisted of self-selected patients who 

typically had a strong motivation to take medications to control their PD symptoms. 

Moreover, patients’ medication-taking behaviors were closely monitored in clinical 

settings, which would lead to far better adherence to APDs. Another advantage in the 

clinical studies was using an electronic monitoring bottle to measure adherence,64, 84 

which tends to capture more accurate information on medication use than do prescription 

claims data in our study. Taken together, the adherence level in clinical studies is likely 

to be higher than that obtained from the population-based studies, such as our study. 

Nevertheless, our study using a nationally representative sample of Medicare 

administrative claim data is the first to provide a real-world, representative picture 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 with diabetes (mean 

MPR=0.89).139  In addition, a CMS report examining drug adherence to 4 chronic 

diseases (congestive heart failure, dementia, major depression, and rheumatoid arthritis) 

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 enrollment.140  
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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 switching and 

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 during the early 

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 program between 

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 treatment.76, 141 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 observation raises a 
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concern regarding the impact of APD interruption on potential adverse outcomes. 

Although patients may temporarily stop their APD treatment due to loss of efficacy or 

side effects, a short-term interruption in certain APDs could lead to an increased risk of 

adverse outcomes. A clinical report indicated that PD patients who missed levodopa and 

its adjunct treatment for 72 hours experienced neuroleptic malignant syndrome, which 

presents fever, severe muscle rigidity, and autonomic and mental status changes.142  

Furthermore, frequently missed APD doses are suspected to worsen disease control, 

resulting in an immediate motor impact for PD patients, especially those in an advanced 

stage.72 Nevertheless, clinical evidence on APD interruption is not completely clear. 

Further research is needed to determine whether and to what extent the interruptions in 

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 augmentation in their 

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 their current 

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 literature, only one study 

reported change in APD therapy among PD patient who were naïve to APD therapy (i.e., 
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newly-diagnosed patients).49 Results of this study cannot be directly compared with our 

findings mainly because our study examined the drug changes among a prevalent PD 

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 drug classes, and 

described specific drug classes to which each class was switched and augmented, 

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 (1.5 occurrences 

per 100 patient-years) and augmented class (2.5 occurrences per 100 patient-years). This 

observation can be explained by the fact that DPs are considered the most effective APDs 

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 inhibitors is that 

these drugs are first used for early-stage, mild-symptom PD patients prior to 

dopaminergic therapy (DPs or DAs); however, as the disease progresses, MAO-B 

inhibitors are often replaced by DPs or DAs due to their relatively poorer efficacy.8, 9, 13 

This explanation was further confirmed by our analysis of switching occurrences between 

drug classes, where MAO-B inhibitors were most frequently switched to DPs, followed 

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 part 

because MAO-B inhibitors has been considered as an effective adjunctive therapy to DPs 

or DAs for advanced-stage PD patients with motor fluctuations.62 Our data (Table 2.5.4 
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in Results section) further confirmed that MAO-B inhibitors were frequently added 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 several factors 

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, disabled (�  64 

years) or elderly PD patients (�  65 years). One other study of elderly (�  65 years) 

Medicare beneficiaries with PD found a nonlinear relationship between age and APD use; 

that is the young-elderly (65-74 years) and oldest-elderly (� 85 years) were less likely to 

use APDs than the old-elderly (74-84 years).15 Direct comparison of this result with our 

finding is difficult because of the different age ranges. Neither did we observe an 

association between age and duration of APD therapy. However, our study indicated an 

inverse relationship between age and adherence to APD therapy. The young patients (�  

64 years), relative to the elderly PD patients (�  65 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 financial assistance 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 resulting in increased 

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,15, 48, 49 except for the SAGE study.14 Interestingly, when examining duration of 

APD therapy, we observed that female users were more likely than male users to have 

longer duration of APD use (401-579 days). It remains less clear what contributes to the 

gender difference in duration of APD therapy in our study. In the literature, gender has 

not been considered as a strong predictor of medication use and adherence among 

patients with PD.16, 64, 84, 137 As we are unable to control for some gender-related factors 

(e.g., difference in understanding of PD diseases and drug treatment, or difference in 

belief in medication efficacy between females and males), it is unclear whether these 

unobserved factors contribute to the gender difference observed in our study.  

 

(3) Race: This study found no statistically significant racial differences in the probability 

of using APDs after controlling for other covariates. The non-significance could 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). Nor did this 

study find any significant correlation between races and duration of APD therapy. 

Nevertheless, our data showed that both Black and Other ethnicities, relative to White 

ethnicity, were significantly less likely to have higher adherence to APDs. This finding 

highlights that racial differences in adherence to APDs may persist even with Medicare 
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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 designed to reduce 

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 poverty line) 

with monthly drug premiums and annual deductibles and copayments for prescription 

drugs. Our analyses found that the LIS, relative to the non-LIS, were significantly less 

likely to use APDs, and if using, they were less likely to have a longer period (401-578 

days). This finding, opposite of what we originally hypothesized, may suggest that 

despite receiving financial assistance, the LIS recipients continue to experience 

difficulties receiving and maintaining APD therapy. However, when examining APD 

adherence as an outcome, our data found that the LIS patients (vs. the non-LIS patients) 

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 help the vulnerable 

improve their medication adherence to a level better than those of the wealthy without 

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 risk of not using 

or non-adhering to their prescribed drug regimens. Indeed, our bivariate data showed that 
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prevalence of APD use was significantly lower in the minority (i.e., non-white & LIS, 

83.4%) than in the non-minority (i.e., white & non-LIS, 91.4%) (data not shown). 

 

5.2.3. Timing of Part D enrollment 

We also examined the timing of Part D enrollment during the first year of Part D 

to see whether APD use and adherence differed between the early enrollees (prior to 

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 likely to use APDs, 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 several reasons. For 

example, the early enrollees might have already adapted to the new Part D policy during 

the open enrollment 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 anticipated the 

need for the drugs and expected that their early enrollment could cover the expenses of 

their drugs. This anticipation might have reflected a higher, longer, and more persistent 

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 to examine the 



 

202�
 

effect of neurologist visits on medication use and adherence among PD patients. The 

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 not specialized in 

neurological diseases. A prior study has demonstrated that movement disorder specialists 

(MDS) were more likely to prescribe dopaminergic therapy to PD patients, than non-

MDS doctors.48 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 PD,14, 15 as around 30% to 40% of PD patients suffer from depression 

prior to the PD onset or during some stages of their illness.37-39 In our study, however, 

having depression was not significantly associated with the probability of using any 

APDs among PD patients. When limited to APD users, depression had no association 

with APD adherence, but had a significantly negative association with the maximum (579 

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 indicates that 

Medicare claims data have a low sensitivity (10%-46%) of identifying depressive 

patients, compared with two validated depression diagnosis scales (Mini-International 

Neuropsychiatric Interview-Major Depressive Episode Module [MINI-MDE] and the 15-

item Geriatric Depression Scale [GDS]).143 In our analysis, the underestimation of 
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depression might have led to a misclassification error (i.e., classifying depression cases 

into the non-depression group), which caused no difference between depression and non-

depression in APD use and adherence outcomes. Despite the potential misclassification 

of depression, a significantly inverse association persisted between depression and 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 PD patients 

suffered from at least one of the following cognitive disorders: Alzheimer’s (41.9%), 

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 MCBS data.15 When 

examining the association between cognitive conditions and APD use and adherence, our 

analyses indicated that PD patients with cognitive impairment (defined as having �  1 of 

the three cognitive disorders) were significantly less likely to use APDs. Even with APD 

use, they were less likely to have a longer and regular use of APDs, compared to patients 

without any of the cognitive disorders. Our findings are consistent with that reported in 

prior studies.15 The lower probability of using and adhering to APDs among patients with 

cognitive impairment could be in part because they gained only marginal benefits from 

their APD treatment due to the drugs’ adverse effects on cognition and psychiatric status, 

thereby deferring or forgoing APD treatment.15  The cognitive and psychiatric side 

effects occur most frequently with anticholinergics, followed by MAO-B inhibitors, 
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amantadine, dopaminergic agonists, COMT-inhibitors, and levedopa.8, 9, 35 Thus, if PD 

patients have difficulty tolerating the cognitive/psychiatric side effects of 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 dementia).35  

 

5.2.7. Comorbid conditions 

  Our study indicated a significantly inverse association between comorbidities and 

APD use and adherence. PD patients with �  11 comorbidities (vs. those with �  6 

conditions) were significantly less likely to use APDs (PRR=0.98). When restricted to 

APD users, our data further indicated that users with �  11comorbidities (vs. those with �  

6 conditions) had a lower probability of having longer duration (� 540 days) of and higher 

adherence (MPR� 0.80) 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 (measured by HCC 

counts) found no association between comorbidities and APD use.15 This 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 when they already 

take multiple drugs for other illnesses, because their medication regimens could be very 

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 increased use of drug therapy for 

their co-existing comorbidities (including coronary artery disease and/or dyslipidemia 

and diabetes mellitus).144 In the analysis of the association of drug burden with two other 

measures: duration and adherence, we found that a modest drug burden (13-18 vs. �  7 

drugs) was positively significantly associated with longer duration of APD therapy (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 adherence to 

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 drugs.67, 68 Common changes in 

APD regimen include (1) increasing the dosage of the drugs currently used, (2) switching 

the currently used drug with a different APD, and (3) augmenting a new APD to the 

existed drug regimen.67, 68 In our study, we focus on switching and augmentation, but not 

dose increase due to inability to accurately quantify drug dose with Medicare claims data. 

The primary intent of measuring regimen change is to understand whether frequently 

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 use model since 

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 than 

negatively) associated with duration of APD therapy. Patients with any change (vs. no 

change) were more likely to have longer duration of APD therapy (401-579 days). Our 

observation could be explained by the fact that patients who underwent regimen changes 

might more frequently visit their physicians for follow-up care, thereby having a 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 (MPR� 0.80) 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 for 

patients, and thus could worsen patients’ adherence to prescribed medications. However, 

as our study is a cross-sectional study, we cannot determine the direction of the 

relationship between regimen changes and medication adherence (i.e., whether regimen 

change causes poor adherence or vice versa). Future research should seek to clarify the 

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.15 A 

higher probability of APD use among the LTC patients may be because they received 

medication assistance or supervision from medical staff in facilities during their stay. 

With the help of constant medication care from professionals, patients living in LTC 
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facilities, especially for those with a long stay, are likely to increase their duration of 

therapy and adherence to APDs. Indeed, our data showed a general pattern that PD 

patients with longer LTC stay (13-19 months) were more likely to have longer duration 

(� 401days) and higher adherence (MPR� 0.80) to APDs, compared to patients with no 

LTC stay.  

In our analysis of LTC stay in relation to DOT, however, we observed patients with a 

relatively short LTC stay (1-12 months vs. 0 months) were significantly less likely 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 LTC patients had 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 were unavailable) 

from their duration calculation. We attempted to control for the length of Part D drug 

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 variance of the outcomes 

(e.g., APD use). However, the lack of control for Part D drug observation period could 

lead to biased estimation in analyses that involved DOT.  

 

5.3. Aim 3 

 In this aim, we investigated the association between healthcare utilization and 

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 preventive services), 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 association of APD 

use with healthcare utilization and expenditures. Overall, the association pattern for PD-

only healthcare utilization was very different from that for all-cause along with PD-

related-comorbidities healthcare utilization. As well, the association of APD use with 

expenditures somewhat differed across the four expenditure categories (total, Part A, Part 

B, and Part D). We discuss the results by disease-specific utilization outcomes, followed 

by expenditure outcomes.  

 

(1) PD-only healthcare utilization 

  APD use (both dichotomous and categorical) was significantly associated with a 

higher rate of PD-only utilization for all five services (hospital, ER, Part A 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 symptoms (vs. those 

with less severe symptoms) tended to use APDs, and had higher healthcare utilization for  

PD. Clinically, the initiation of APD use mainly depends on the severity of PD 

symptoms, rather the diagnosis of PD.66 Thus, in our sample, it is likely that patients 

without APDs might have had mild symptoms, whereas patients with APDs probably had 

moderate-to-severe symptoms. These APD users with relatively severe PD symptoms 

also had a higher likelihood of using PD-related healthcare services. Consequently, when 
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comparing them to the non-APD users, we observed that APD users had a higher rate of 

PD-only healthcare utilization. 

 Although we were unable to measure PD severity in this study, it may be reasonable 

to assume that PD patients with LTC stay(s) tend to have more severe motor symptoms, 

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 disabilities that may result 

from a longer duration of PD. If this assumption were correct, we would expect that the 

effect of confounding by PD severity become greater among the LTC patients, and thus a 

greater magnitude of positive association between APD use and PD-only utilization 

would be observed among this group.  

 To test this hypothesis, we stratified 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 visits/HHA 

episodes/physician visits) differed between these two groups. The results indicated that a 

stronger significant, positive association (assessed by relative rate, RR) was observed 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 among the LTC 

patients, compared to community patients. Thus, interpreting the findings of positive 

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 in APD users 

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 are needed to 

re-examine the association between APD use and PD-only healthcare utilization.  

 

(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 HHA episodes (PD-related-

comorbidities). Our finding of APD use with fewer all-cause physician visits dispelled a 

common misconception that drug use requires more frequent routine doctor visits. For 

hospitalizations and Part A SNF episodes (both all-cause and PD-related-comorbidities), 

however, conflicting data were observed between dichotomous and categorical APD use. 

The dichotomous APD use detected no association for both types of hospitalizations and 

a significantly positive association for both types of Part A SNF episodes. Conversely, 

the categorical APD use revealed a non-linear relationship. The intermittent users (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-related comorbidities, 

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 Part A SNF 

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 APD use, may be 

preferable for characterizing its non-linear association with all-cause and PD-related 

comorbidities utilization outcomes, especially hospitalizations and Part A SNF episodes.  

 Our findings of continuous APD users (i.e., those with � 19 standardized APD 

prescriptions), as opposed to intermittent users (i.e., those with �  18), with a lower rate of 

hospitalizations and Part A SNF episodes for all cause and PD-related comorbidities may 

be in part because the continuous users tended to have a greater use of drug therapy for 

their comorbid conditions than do the intermittent users. This positive association 

between a higher probability of APD use and higher number of drugs for comorbidies 

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 comorbidities utilization was also 

confounded by PD severity, a type of confounding observed for PD-only utilization. 

However, our stratified analyses for all-cause and PD-related comorbidities utilization 

outcomes did not detect substantial differences between patients with and without LTC 

stay (Appendix H: Tables H.1). This suggests that the association of APD use with all-

cause and PD-related-comorbidities healthcare utilization may not be substantially 

confounded by PD severity. Therefore, our findings suggest that PD patients could 

benefit from lower rates of all-cause and PD-related-comorbidities hospitalizations 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 and increased Part D 

expenditures, although no significant difference was observed for Part B and total 

expenditures. The non-significant difference in total expenditures could be explained by 

the fact that the significant reduction in Part A expenditures for APD users was offset by 

their higher Part D drug expenditures. We further conducted post hoc analysis to assess 

the effect of PD severity on our expenditure findings by using LTC status as a proxy of 

PD severity. The post hoc analysis revealed consistent findings between patients with and 

without LTC stay, suggesting that the association between APD use and each of the four 

expenditures (total, Parts A, B, and D) may not be affected by PD severity (Appendix H: 

Table H.2).  Overall, our study suggests that use of APDs is associated with greater 

saving for expensive Part A services (including hospital inpatient/outpatient, SNF, HHA, 

and hospice care). It is expected that reduced Part A services from APD use could further 

generate economic savings for caregivers (e.g., save in travel time/waiting time at 

hospitals ) and increase quality of life for both patients as well as their caregivers.54, 145 

 

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 demonstrated that 

compared to patients with short DOT (�  400 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, and HHA episodes. 
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Meanwhile, physician-visit rates were similar between the long/maximum DOT 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 ER visits) and 

chronic services (i.e., Part A SNF and HHA episodes) for any cause, while incurring no 

or minor increase in routine physician visits. As well, the longer-duration APD users (�  

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-comorbidities utilization 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 for 540 days 

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 by their reduced Part A 

and Part B expenditures, resulting in total expenditures that were significantly lower than 

those of short-duration APD users (�  400 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, using APDs for 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 generating 

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 (MPR � 0.79), 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 SNF, HHA, and 

physician care), PD-only utilization for three services (hospital, ER, and Part A SNF), 

and PD-related comorbidities for all the five services. On 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 services (all-cause physician 

visits, PD ER visits, and PD-related-comorbidities ER visits and physician visits). These 

results suggest that a threshold of MPR �  0.90 may be sufficient for reducing all-cause, 

PD-only, and PD-related-comorbidites healthcare utilization in the Medicare Part D 

enrollees with PD.  

 To our knowledge, only one study has investigated association between APD 

adherence and healthcare utilization.17 This study of managed care enrolees with PD 

found that the adherers (defined as MPR� 0.8) had lower numbers of all-cause 

hospitalizations and office visits, although had no difference for ER visits and days of 

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 confounding 

variables. Our study accounted for a wide range of confounders and therefore our 

estimates are less prone to confounding bias. Our finding suggests that regularly taking 

APDs may help not only prevent admissions to acute and chronic care, but also decrease 

routine physician visits.    
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� As well, the higher adherers (i.e., MPR � 0.90) had significantly decreased total, Part 

A and Part B expenditures, although increased Part D expenditures. Despite the increase 

in Part D expenditures among the higher adherers, this amount was largely offset by their 

reduced Part A and Part B expenditures, resulting in total expenditures that were 

significantly lower than those of low-adherence APD users. Our findings are consistent 

with data reported previously in a managed care Parkinson’s population,17 suggesting that 

using APDs regularly could potentially reduce expenditures for Part A and Part B care, 

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 both medication 

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 potential biases (e.g., 

healthy-user effect), as well as confounders (e.g., long-term care stay). Moreover, from 
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clinical perspectives, adherence mechanisms may work through two possible pathways to 

influence all-cause healthcare utilization and expenditures. First, improved adherence 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 drug therapy 

for their other chronic conditions. This  ‘healthy behavior’ effect, manifested as cross-

over adherence from one therapeutic class as a predictor of improved adherence to other 

therapeutic classes used for other comorbidities has been demonstrated in separate studies 

focusing on osteoporosis and depressed patients.144, 146  In conclusion, our study 

demonstrated a strong association between improved adherence and reduced 

utilization/expenditures that requires a further reexamination using a longitudinal data 

approach. 

 

(2) Lack of disease severity measure  

 A major limitation of this study is that we are unable to directly measure PD severity 

and symptoms, and duration of PD disease, drawbacks commonly seen in studies using 

administrative claims data.147, 148 Lack of information on PD severity might have affected 

our ability to detect the association of using APDs with outcomes. This is because the 

initiation of APD use mainly depends on severity of PD symptoms, rather diagnosis of 

PD.66 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, whereas patients 

using APDs probably had moderate-to-severe symptoms. The fact that PD severity is 

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, especially PD-only 

healthcare utilization.  

 We also concerned whether the absence of PD severity might affect the 

interpretations of association of APD duration and adherence with utilization and 

expenditure outcomes. We further conducted additional post hoc analyses by using LTC 

status as a proxy of PD severity, stratifying our PD sample into LTC and non-LTC 

patients, and examining whether the association of APD duration and adherence with 

outcomes differed between these two subgroups. The post hoc analyses showed similar 

patterns of associations for most of the utilization outcomes related to all cause, PD-only , 

and PD-related comorbidities,  as well as expenditure outcomes between patients with 

and without LTC stay (Appendix I: Tables I.1-I.2; Appendix J: Table J.1-J.2). This 

suggests that PD severity may not substantially affect our findings regarding the 

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 differentiating 

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 prevalence of patients 

without drug use. However, we expect that the impact on the estimates of non-APD use 

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 of PD per se is 

challenging and the sensitivity and specificity of PD diagnosis may vary by physician 

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 commonly coexists 

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 syndrome.33 To prevent including 

false-positive PD cases in our study sample, we used a very conservative definition of 

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 patients with a 

history of dementia and/or Alzheimer’s disease from the overall sample. Results of the 

sensitivity analyses did not substantially differ from that reported in the overall sample 

(including with and without the disease history). This suggests that PD patients with a 

history of dementia and/or Alzheimer’s in the Medicare claims data are unlikely false-

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 outcomes. First, there is 
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no information on providers’ characteristics, patients’ detailed characteristics (e.g., 

education and income levels, and patients’ beliefs on APD use), and characteristics of 

Part D drug plans (e.g., generosity and formulary restrictions). Thus, we cannot rule out 

the possibility that these unobserved factors may not be distributed equally between APD 

use/adherence groups being compared, thus affecting our findings. As well, we were 

unable to detect whether patients received Deep Brain Stimulation (DBS) surgery from 

Medicare claims data, as Medicare does not cover this procedure and it would not be in 

the claims files. A randomized clinical trial has showed that patients who undergo DBS 

surgery have a substantial reduction in the use of APDs because of improved 

symptoms.149 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 medication-

taking behaviors. Additionally, there is no direct measure of dosing frequency and 

patients’ response and tolerance to APDs. These factors likely affect patients’ adherence 

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 partly explain 

patients’ response and tolerance to APD. No direct measures of cognitive function were 

available, but we captured this by measuring the presence of three cognitive disorders: 

dementia, Alzheimer’s disease, and psychosis. As these three diseases are the main 

causes of cognitive deficits in the elderly, this adjustment should be sufficient in 

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 Medication Therapy 

Management (MTM) during the observational period of this study. Patients with MTMs, 

relative to those without, might have better adherence to APDs because pharmacists 

closely monitor patients’ prescription use. On the other hand, those with MTM services 

tend to be in poor health with a higher use of healthcare resources. This is because the 

target population for MTM services is those with the following 3 criteria: (1) multiple 

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 

2003.150 Therefore, as MTM recipients tended to have better medication adherence and 

higher healthcare utilization, the lack of such a variable may well have led to a “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 different benefit 

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 pay a certain 

proportion (25%) of their drug costs, but may pay 100% when reaching the coverage gap, 

and then return to the copayment in the catastrophic coverage.151 Studies have showed 

that compared to beneficiaries without a coverage gap, those facing the gap have lower 

adherence,152, 153 but higher comorbidities and greater healthcare services utilization (i.e., 
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ER, inpatient, and primary and specialty care services).154 Thus, the lack of control for 

benefit phases might have led to an overestimation of the inverse association between 

APD adherence and healthcare utilization observed in our study. Further research is 

needed to reexamine the relationship by taking into account the effect of benefit design 

 

(7) APD use and adherence measurement  

We were not able to measure drugs dispensed through other insurance plans (e.g., 

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 cannot determine 

whether and to what extent PD patients were prescribed APDs during their Part A SNF 

stay, as the prescribing of APDs mainly depends on PD symptoms (information is also 

unavailable in the claims files). Nevertheless, there is a concern that our study might have 

underestimated APD use and adherence among patients with Part A SNF stay(s). As 

noted earlier in Aim 1 analysis, we compared PD patients with and without Part A SNF 

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) between these two 

groups. This observation suggests that our estimates of APD use and adherence are likely 

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-estimated 

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 studies describing the 

prevalence of APD use, duration, and adherence among Medicare Part D enrollees with 

Parkinson’s disease during the first two years of Part D implementation. Additionally, 

this is the first study that demonstrates that healthcare utilization and expenditures could 

be reduced if PD patients use APDs persistently and regularly. We examined a wide 

spectrum of healthcare services, from routine physician care, acute care (hospitalizations 

and ER visits), to chronic care (Part A SNF and HHA episodes). Each service was 

assessed in terms of all cause, PD-only, and comorbidities commonly seen in PD patients 

(i.e., PD-related-comorbidities). As well, we considered all sources of expenditure 

payment including patients, Medicare, and non-Medicare, and further examined four 

categories of expenditures including Total, Part A, Part B, and Part D drug expenditures. 

These comprehensive data are expected to assist CMS in planning interventions/strategies 

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 the all Medicare 

Part D enrollees with Parkinson’s diseases through adjusting for the potential sample 

selection bias using the Heckman correction approach. As well, we accounted for a wide 

range of confounding effects that could affect the estimates of association between APD 

use and adherence and outcomes. First, we controlled for potential adherence bias due to 

healthy behaviors by including the variable of “use of preventive services use”. In 

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 augmentation), neurologist 

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 examining medication 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 where professional staff 

administer or supervise medication administration, as opposed to non-LTC stay where 

patients are responsible for their medication taking. To measure LTC stay, we developed 

an algorithm that combined evidence from Part A SNF claims data and MDS assessment 

data for patients residing in LTC facilities (detailed in Appendix A). Our algorithm of 

combing Part A SNF and MDS data also demonstrated a high sensitivity and specificity 

of identifying LTC patients, compared to a prior approach (using Part B data).155, 156  

 

5.6. Policy implications 

This study, using a unique representative sample of Medicare Part D enrollees with 

Parkinson’s disease, demonstrates that a modest percentage (12%) of patients did not 

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 for evaluating the 

changes in APD use and adherence among Medicare Part D enrollees with PD in the 

subsequent years of Part D program.  
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In addition, our study reveals that PD patients with cognitive impairment (those who 

had evidence of Alzheimer’s disease, dementia, or psychosis) and with a higher number 

of comorbidities (i.e., 11 or more) are less likely to use APDs; and even with APD use, 

they are less likely to possess APDs persistently and regularly. Other factors associated 

with not using APDs included LIS status and not having neurologist visits; factors 

associated with poorer adherence to APDs included older age (�  65), non-white 

ethnicity, and having changes in APD therapy. Our findings suggest that interventions 

may target patients with these characteristics, especially those with cognitive disorders 

or multiple comorbidities, to enhance their APD use and adherence.  

Lastly, our study shows an expected, consistent pattern of association with utilization 

and expenditure outcomes for two APD use measures: duration of and adherence to 

APDs.  Longer duration (�  540 days vs. short duration, � 400 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 HHA) services, 

as well as for routine office-base physician care (only for adherence measure). Similar 

patterns are found with PD-only and PD-related-comorbidities for hospital, ER, and Part 

A SNF care, with a lower rate in longer-duration users and in higher adherers. As well, 

patients with longer duration and with higher adherence have significantly lower total, 

Part A, and Part B expenditures, although higher Part D expenditures. This observation 

suggests that significant reduction in healthcare utilization and expenditures could be 

achieved by improved duration of use and adherence to APDs. Our results reinforce the 

importance of improving medication duration and adherence to APDs among Parkinson’s 

patients. In addition, these findings may provide useful information for insurance carriers 
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(e.g., CMS) who pay for health care for PD patients, as they continue to look for ways to 

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 causal relationship 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 quantified among patients 

who never experience utilization events (e.g., hospitalizations), and they are followed 

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 exposure and outcomes, a 

strong criterion for suggesting potential causal inference. With the longitudinal datasets, 

another research area with a great potential is to compare the effectiveness of different 

classes of APDs over time with regard to medication adherence and persistence. This 

information may benefit both health care professionals and patients while informing 

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 (LTC) facilities using 

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 each dataset, 

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 Medicare Part 

B data.  

 

Operationalization of LTC stay using MDS and Medicare Part A SNF data 

MDS data: To indicate the beginning date of a MDS episode, we 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 92th day prior to the R2B variable in MDS file, which was a 

date on which Registered Nurse (RN) coordinator signed indicating the completion of 

MDS assessments. An annual assessment typically serves the 4th quarterly 

assessment. To fulfill a quarterly assessment requirement, patients were assumed 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 a quarterly 

assessment requirement, patients were assumed to stay in LTC facilities for 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 variable in MDS 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 were assessed 

and recorded in MDS file.  

7. Other assessments (e.g., significant correction): assessment reference date (A3A 

variable in MDS file) 

 To identify the end date of 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 in MDS file) 

 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. After identifying 

the beginning and end date of each Part A SNF episode in our PD sample, we calculated 
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the total number of SNF days at the monthly level as well as the patient level by 

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 evidence from 

both MDS and Part A SNF claims. Patient were identified as LTC patients if they had 

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 A SNF data. 

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.  

 

 

         6/1/06’             10/1/06’     1/1/07’      4/1/07’        7/1/07’         10/1/07’     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 patients and stay, we 

compared our LTC algorithm with the LTC evidence measured from the Medicare Part B 

data. Previous studies used Medicare Part B claims data to identify LTC patients based 

on the assumption that nursing residents must be seen by a physician at least once every 

30 days for the first 90 days after admission, and at least every 60 days thereafter 157. 
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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 codes to identity 

those with Part B evidence. It is noted that the Part B data may not capture the whole 

length of LTC stay for patients, especially those with a LTC stay of 90 days or more. 

This is because LTC facilities are not required to have their residents seen by their 

contracted primary physicians every month after patients stay for more than 90 days. 

Without being seen by primary physicians during certain months, LTC patients cannot be 

identified as true LTC cases in those months by using Medicare Part B data only.  

CPT and Place of Service (POS) codes for nursing facility services  
CPT codes  Services provided to nursing facility residents 
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 Part B evidence at the 

patient-level and the patient-month level among 8,758 beneficiaries. The comparison 

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/Part A SNF algorithm 

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 is 

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 
�  
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Appendix B.1: Examples of simplistic form of MPR calculation  

Figure B.1.1 shows 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 treated with 

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 supply, which 

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.1.2 shows 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 due to the lack 

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.1.3 shows 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).   
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Figure B.1.4 shows 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 days were 

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). 
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Appendix B.2: Examples of weighted-average MPR calculation  

Figure B.2.1 shows 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 for 

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.2.2 shows 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 with a Class 2 drug. 

We followed the same procedures described earlier in Figure 3 and then calculated the 

weighted-average MPR for this patient as 0.79.   
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Figure B.2.3 shows a PD patient who concurrently used drugs in two classes in a way 

that drugs in Class1 and Class 2 overlapped almost throughout 2007. The weighted-

average MPR for these two classes was 1.03.  

 



 

 

Figure B.2.4 shows a PD patient who had a mixed therapy 

classes (denoted as Class 1, 2, and 3) during 2007. In this period, he received two 

combination therapies: one is treatment 

treatment with both Rx D and Rx C. The weighted

 

�

235�

shows a PD patient who had a mixed therapy with drugs in three different 

classes (denoted as Class 1, 2, and 3) during 2007. In this period, he received two 

combination therapies: one is treatment with both Rx A and Rx C, and the other is 

both Rx D and Rx C. The weighted-average MPR for this case 

 

with drugs in three different 

classes (denoted as Class 1, 2, and 3) during 2007. In this period, he received two 

Rx A and Rx C, and the other is 

for this case was 0.99.  
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Appendix C: ICD-9 Codes for comorbidities commonly seen in PD patients48, 49, 94, 158-160  

Domains  Symptoms ICD-9-codes Diseases 
Neuropsychological 
symptoms 

Depression 
  

296.2  Major depressive disorder, single episode  
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 conditions 

classified elsewhere 
293.82 Psychotic disorder with hallucinations in conditions 

classified elsewhere 
368.16 Psychophysical visual disturbances 
780.1 Hallucinations 
297.1 Delusional disorder 

Alzheimer’s  331.0 Alzheimer's disease 

Dementia 
  

290 (exclude 
290.8 & 
290.9) 

Dementias  

294 (exclude 
294.9)  

Persistent mental disorders due to conditions 
classified elsewhere  

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 classified elsewhere 
797 Senility without mention of psychosis 

 
Impulse control  312.3 Disorders of impulse control, not elsewhere classified 
Anxiety 300 Anxiety state, unspecified  

Sleep dysfunction Sleep disorders 
(insomnia, 
excessive 
daytime 
sleepiness, 
sleep apnea) 
  

780.5 Sleep disturbances 
327.0 Organic disorders of initiating and maintaining sleep 

[Organic insomnia] 
327.1 
(exclude 
327.13) 

Organic disorder of excessive somnolence [Organic 
hypersomnia]  

327.2 Organic sleep apnea 
327.4 Organic parasomnia 
307.40 Nonorganic sleep disorder, unspecified 
307.41 Transient disorder of initiating or maintaining sleep 
307.42  Persistent disorder of initiating or maintaining sleep 
307.43 Transient disorder of initiating or maintaining 

wakefulness 
307.44  Persistent disorder of initiating or maintaining 

wakefulness 
RLS 333.94 Restless legs syndrome (RLS) 
Periodic legs 
movement  

327.51 Periodic limb movement disorder 

Autonomic 
dysfunction 

Orthostatic 
hypotension 

458.0 orthostatic hypotension 
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Sexual 
dysfunction 302.7 

Psychosexual dysfunction, unspecified 

Urinary 
dysfunction 
  

788.2 Retention of urine 
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 
symptoms 

Constipation 564.0 Constipation 
Hypersalivation 527.7 Disturbance of salivary secretion 
Dysphagia 787.2 Dysphagia 

Sensory symptoms Olfactory 
dysfunctions 

781.1 Disturbances of sensation of smell and taste 
352.0 Disorders of olfactory [1st] nerve 

Diplopia and 
vision blurring 

368.2 Diplopia 
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, stratified by 
APD use, duration of APD therapy, and adherence to APDs 

 
Table D.1: Healthcare utilization by APD use  

APD use 

Health utilization (n=8,758) 
Hospitalization ER visit SNF episode HHA episode physician visit 

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-square tests were performed with significance set at P < 0.05.  
�

Table D.2: Healthcare utilization by duration of APD therapy 

Duration of 
therapy (days) 

Health utilization (n=7,583) 
Hospitalization ER visit SNF episode HHA episode Physician visit 

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-square tests were performed with significance set at P < 0.05.  
�

�

�
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Table D.3: Healthcare utilization by adherence to APDs 

Adherence (MPR) 

Health utilization (n=7,583) 
Hospitalization ER visit SNF episode HHA episode Physician visit 

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-square tests were 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)  

Variables 
All –cause hospitalizations Total expenditures 

RR 95% CI 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 1261† 

Age 
65 – 74 vs. �  64 0.89 0.80-0.98† -6146 1742† 
75 – 84 vs. �  64 0.85 0.77-0.94† -9340 1720† 
85 + vs. �  64 0.78 0.70-0.87† -10021 1832† 

Female vs. male 0.93 0.89-0.98† 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 925† 
  South vs. Northeast 1.06 0.98-1.15 796 907 
  West vs. Northeast 1.06 1.00-1.12 3228 1203† 
LIS vs. non-LIS 0.98 0.92-1.03 -4837 863† 
Early vs. late enrollees 0.97 0.92-1.03 1078 773 
Seen by neurologists (yes vs. no) 1.15 1.09-1.21† 4536 808† 
Had depression (yes vs. no) 1.10 1.05-1.16† 2312 743† 
# of cognitive conditions 
    1 vs. 0 1.06 0.99-1.13 1938 806† 

2-3 vs. 0 1.50 1.41-1.60† 9290 861† 
# of comorbid conditions 
   7-8  vs. 1-6 2.48 2.19-2.80† 5120 645† 

9-10  vs. 1-6 4.24 3.75-4.79† 13250 801† 
11-22  vs. 1-6 7.67 6.78-8.67† 31096 1103† 

# of drugs for non-PD 
8-12   vs. 0-7 0.98 0.90-1.07 4760 771† 
13-18  vs. 0-7 1.08 0.99-1.17 9853 884† 
19-76  vs. 0-7 1.32 1.21-1.44† 18772 1135† 

Long-term care stay 
1-12 months vs. 0 month 1.85 1.75-1.96† 19617 1061† 
13-19 months vs. 0 month 0.89 0.83-0.96† 7247 982† 

# of preventive services use 
1 vs. 0 0.87 0.83-0.92† -884 816 
2-3 vs. 0 0.75 0.69-0.81† -4103 1087† 

Baseline all-cause 
hospitalizations (yes vs. no) 1.22 1.16-1.28† 6596 860† 
Survival  vs. death in 2007a -         - 3809 998† 
Inverse Mill’s Ratio 0.37 0.27-0.51† -30867 3412† 

RR=Rate ratio; CI=Confidence interval; ME= marginal effect; SE= standard error; Baseline=1/1/2006-
5/31/2006;† indicates a statistical significance at P-value less than 0.05. Prescriptions were standardized to 
a 30-day supply.a Survival was measured as the length of months alive and included as an offset variable to 
account for uneven follow up periods among the study sample 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 with �  2 APDs (full models) 

Variables 
All –cause hospitalizations Total expenditures 

RR 95% CI ME ($) SD 
Duration of APD therapy      

Short  (�  400 days, reference) 1.00 0 
Medium (401-539 days) 0.85 0.80-0.89† 648 1,128 
Long (540-578 days) 0.72 0.68-0.76† -7,289 1,117† 

    Maximum (579 days) 0.08 0.07-0.09† -13,961 1,102† 
Age 

65 – 74 vs. �  64 0.86 0.78-0.94† -7,655 1,743† 
75 – 84 vs. �  64 0.84 0.77-0.92† -10,190 1,729† 
85 + vs. �  64 0.75 0.68-0.83† -11,723 1,838† 

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 -3,899 918† 
  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 -4,894 852† 
Early vs. late enrollees 1.04 0.99-1.09 2,447 760† 
Seen by neurologists (yes vs. no) 1.09 1.03-1.15† 4,405 818† 
Had depression (yes vs. no) 1.05 1.00-1.10† 2,153 731† 
# of cognitive conditions 
    1 vs. 0 1.03 0.97-1.10 1,014 805 

2-3 vs. 0 1.34 1.26-1.41† 7,574 861† 
# of comorbid conditions 

7-8  vs. 1-6 2.06 1.82-2.32† 4,562 687† 
9-10  vs. 1-6 3.07 2.73-3.46† 11,269 833† 
11-22  vs. 1-6 4.97 4.41-5.59† 25,255 1,086† 

# of drugs for PD & non-PD 
8-12   vs. 0-7 1.03 0.95-1.11 7,409 733† 
13-18  vs. 0-7 1.11 1.02-1.20† 12,398 856† 
19-76  vs. 0-7 1.33 1.23-1.44† 21,209 1,093† 

Change in APD therapy 
1 vs. 0 1.00 0.94-1.06 2,516 955† 
2-8 vs.0 1.06 0.99-1.14 1,927 1,160 

Long-term care stay 
1-12 months vs. 0 month 1.52 1.44-1.61† 16,463 1,051† 
13-19 months vs. 0 month 0.87 0.81-0.93† 6,147 1,008† 

# of preventive services use 
1 vs. 0 0.89 0.85-0.94† -561 803 
2-3 vs. 0 0.79 0.73-0.85† -3,186 1,067† 

Baseline all-cause 
hospitalizations (yes vs. no) 1.15 1.09-1.20† 5,402 849† 
Survival  vs. death in 2007a -         - -727 1,091 
Inverse Mill’s Ratio 0.39 0.29-0.53† -28,399 3,329† 

RR=Rate ratio; CI=Confidence interval; ME= marginal effect; SE= standard error; Baseline=1/1/2006-
5/31/2006;† indicates a statistical significance at P-value less than 0.05. Prescriptions were standardized to 
a 30-day supply. a Survival was measured as the length of months alive and included as an offset variable to 
account for uneven follow up periods among the study sample 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 with �  2 APDs (full models) 

Variables 
All –cause hospitalizations Total expenditures 

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 0.83-0.93† -1916 859† 

    Optimal (1.00) 0.83 0.77-0.89† -2689 1001† 
Duration of APD therapy (days) 1.00 1.00-1.00† -27 3† 
Age 

65 – 74 vs. �  64 0.85 0.76-0.94† -7425 1711† 
75 – 84 vs. �  64 0.85 0.77-0.94† -9774 1681† 
85 + vs. �  64 0.77 0.69-0.86† -11077 1802† 

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 944† 
  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 827† 
Early vs. late enrollees 0.99 0.94-1.05 1493 741† 
Seen by neurologists (yes vs. no) 1.10 1.04-1.17 4624 848† 
Had depression (yes vs. no) 1.07 1.02-1.13 2382 718† 
# of cognitive conditions 
    1 vs. 0 1.07 0.99-1.15 1137 818 

2-3 vs. 0 1.43 1.34-1.53 8026 867† 
# of comorbid conditions 

 7-8  vs. 1-6 2.36 2.07-2.69† 5275 752† 
9-10  vs. 1-6 3.96 3.49-4.50† 12745 827† 
11-22  vs. 1-6 6.76 5.95-7.69† 27788 1044† 

# of drugs for PD & non-PD 
8-12   vs. 0-7 1.01 0.92-1.10† 7104 811† 
13-18  vs. 0-7 1.11 1.01-1.21† 12310 860† 
19-76  vs. 0-7 1.33 1.22-1.46† 21237 1054† 

Change in APD therapy 
1 vs. 0 1.01 0.95-1.08 2787 982† 
2-8 vs.0 1.08 1.00-1.17† 2468 1067† 

Long-term care stay 
1-12 months vs. 0 month 1.71 1.61-1.81† 18668 890† 
13-19 months vs. 0 month 0.91 0.84-0.98† 7834 1043† 

# of preventive services use 
1 vs. 0 0.91 0.86-0.96† -324 813 
2-3 vs. 0 0.78 0.72-0.84† -3352 1020† 

Baseline all-cause 
hospitalizations (yes vs. no) 1.19 1.13-1.25† 5897 747† 
Survival  vs. death in 2007a  -        - -1 1162 
Inverse Mill’s Ratio 0.35 0.25-0.49† -30084 3742† 

RR=Rate ratio; CI=Confidence interval; ME= marginal effect; SE= standard error; Baseline=1/1/2006-
5/31/2006;† indicates a statistical significance at P-value less than 0.05. Prescriptions were standardized to 
a 30-day supply. a Survival was measured as the length of months alive and included as an offset variable to 
account for uneven follow up periods among the study sample 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 with healthcare utilization by community and LTC patients  

APD use  

Healthcare utilization 
Hospitalizations ER visits HHA episodes Physician visits 
RR 95% CI RR 95% CI RR 95% CI RR 95% CI 

 PD-only 
 Community patients (n=4,598) 

1– 12 vs. 0 prescriptions 1.95 1.38-2.74† 1.05 0.89-1.23 1.38 1.09-1.74† 1.31 1.81-1.46† 
13–18 vs. 0 prescriptions 2.57 1.85-3.61† 0.96 0.84-1.16 1.33 1.06-1.68† 1.27 1.15-1.41† 
19–28 vs.0 prescriptions 2.68  1.92-3.76† 1.04 0.88-1.23 1.77 1.40-2.23† 1.40 1.26-1.56† 
29 +  vs. 0 prescriptions 3.64  2.62-5.05† 1.08 0.92-1.09 2.05 1.63-2.58† 1.61 1.45-1.79† 

 LTC  patients (n=4,160) 
1– 12 vs. 0 prescriptions 3.07 2.18-4.32† 2.97 2.11-4.48† 1.89 1.94-2.40 2.18 1.82-2.61† 
13–18 vs. 0 prescriptions 2.98 2.12-4.18† 2.99 2.13-4.20† 1.67 1.31-2.12 1.96 1.64-2.35† 
19–28 vs.0 prescriptions 3.95  2.79-5.58† 3.19 2.25-4.53† 1.83 1.43-2.35 2.22 1.85-2.68 
29 +  vs. 0 prescriptions 4.14  2.94-5.82† 4.05 2.88-5.69† 1.35 1.05-1.74 2.73 2.28-3.28 

 All-cause  

 Community patients (n=4,598) 

1– 12 vs. 0 prescriptions 1.03 0.89-1.19 1.04 0.91-1.20 1.12 0.94-1.34 0.96 0.90-1.03 
13–18 vs. 0 prescriptions 0.96 0.82-1.09 1.02 0.89-1.17 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 0.88-1.17 1.07 0.88-1.27 0.95 0.88-1.02 
29 +  vs. 0 prescriptions 0.95  0.82-1.01 1.03 0.90-1.19 1.04 0.86-1.24 0.97 0.91-1.05 

 LTC  patients (n=4,160) 
1– 12 vs. 0 prescriptions 1.33 1.20-1.46† 1.28 1.16-1.42† 1.31 1.09-1.57† 0.98 0.88-1.09 
13–18 vs. 0 prescriptions 0.96 0.87-1.06 0.98 0.89-1.09 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 0.85-1.07 1.00 0.82-1.22 1.01 0.91-1.14 
29 +  vs. 0 prescriptions 0.83  0.74-0.92† 0.93 0.84-1.04 0.96 0.79-1.17 0.97 0.87-1.09 
 PD-related-comorbidities 

 Community patients (n=4,598) 
1– 12 vs. 0 prescriptions 0.90 0.77-1.06 1.03 0.83-1.27 1.81 0.65-1.02 0.97 0.84-1.11 
13–18 vs. 0 prescriptions 0.90 0.77-1.05 1.03 0.84-1.28 1.09 0.88-1.36 0.86 0.75-0.99† 
19–28 vs.0 prescriptions 0.88  0.75-1.03 0.96 0.77-1.20 0.94 0.74-1.18 0.85 0.74-0.99† 
29 +  vs. 0 prescriptions 0.88  0.75-1.03 1.14 0.92-1.14 0.54 0.42-0.69† 0.86 0.75-0.99† 

 LTC  patients (n=4,160) 
1– 12 vs. 0 prescriptions 1.51 1.23-1.87† 1.34 1.11-1.62† 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 0.84-1.24 1.02 0.80-1.30 1.09 0.92-1.30 
19–28 vs.0 prescriptions 0.95  0.75-1.20 0.76 0.61-0.94† 0.86 0.66-1.13 1.26 1.04-1.52† 
29 +  vs. 0 prescriptions 0.98  0.78-1.23 0.87 0.71-1.07 0.89 0.68-1.15 1.05 0.87-1.27 
RR=Rate Ratio; CI= Confidence interval; † indicates a statistical significance at P-value less than 0.05. 
Prescriptions were standardized to a 30-day supply. Variables adjusted in these analyses included 
demographics (age, gender, race, and residency), LIS status, PDP enrollment, seen by neurologists, 
depression, cognitive conditions, comorbidities, drug burden (# of non-PD drugs), preventive services use, 
all-cause utilization of interest at baseline (1/1/2006-5/31/2006). 
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Table H.2: Adjusted association of APD use with healthcare expenditures by community and LTC patients 

APD use 

Healthcare expenditures 
Total Part A Part B Part D 

 ME ($) SE ME ($) SE ME ($) SE ME ($) SE 
 Community patients (n=4,598) 

1– 12 vs. 0 prescriptions -988 1,292 -2,569 2142 -374 652 267 329 
13–18 vs. 0 prescriptions 54 1,268 -4,484† 2060 -1153 631 3281† 378 
19–28 vs.0 prescriptions 1413 1,302 -5,289† 2054 -1021 646 4296† 418 
29 +  vs. 0 prescriptions -1243† 1,305 -3,929† 2103 -142 689 8182† 498 

 LTC  patients (n=4,160) 
1– 12 vs. 0 prescriptions 6,753† 2,092 7,418†   2,482 235 540 -550 349 
13–18 vs. 0 prescriptions -916 1,916 -1,566 2,189 -808 506 1680† 371 
19–28 vs.0 prescriptions -4,255† 2,029 -8,811† 2,189 -355 556 3929† 474 
29 +  vs. 0 prescriptions -2,338† 2,053 -10,753† 2,138 -167 559 6745† 542 
ME= marginal effect calculated as differences in expenditure outcomes between users and non-user groups; 
SE= standard error; † indicates a statistical significance at P-value less than 0.05. Prescriptions were 
standardized to a 30-day supply. Adjusted variables included demographics (age, gender, race, and 
residency), LIS status, PDP enrollment, seen by neurologists, depression, cognitive conditions, 
comorbidities, drug burden (# of non-PD drugs), preventive services use, death in 2007, all-cause 
hospitalizations at baseline (1/1/2006-5/31/2006), and inverse Miller’s ratio (IMR).  
  



 

245�
 

Appendix I:  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 healthcare utilization by community and LTC patients 

DOT 
Healthcare utilization 

Hospitalizations ER visits HHA episodes Physician visits 
 RR 95% CI RR 95% CI RR 95% CI RR 95% CI 

 All-cause  
 Community patients (n=4,072) 

Medium vs. short DOT 0.94 0.84-1.04 0.94 0.83-1.07 0.93 0.78-1.10 0.98 0.92-1.05 

Long vs. short DOT 0.99 0.90-1.10 1.02 0.91-1.13 0.91 0.79-1.06 0.97 0.91-1.03 

Maximum vs. short DOT 0.13  0.11-0.16† 0.60 0.53-0.68† 0.64 0.54-0.75† 0.98 0.92-1.04 

   LTC patients (n=3,511) 

Medium vs. short DOT 0.79 0.75-0.84† 0.83 0.77-0.89† 1.25 1.12-1.39† 1.10 1.02-1.19 

Long vs. short DOT 0.53 0.49-0.58† 0.68 0.62-0.74† 1.12 0.98-1.29 1.01 0.93-1.12 

Maximum vs. short DOT 0.03  0.02-0.04† 0.40 0.35-0.45† 0.68 0.53-0.88† 0.99 0.89-1.11 

 PD-only 

 Community patients (n=4,072) 

Medium vs. short DOT 1.47 1.16-1.86† 0.92 0.79-1.08 0.95 0.77-1.17 1.05 0.96-1.15 

Long vs. short DOT 1.92 1.56-2.37† 0.94 0.82-1.09 1.06 0.88-1.27 0.97 0.89-1.05 

Maximum vs. short DOT 0.38  0.29-0.50† 0.89 0.77-1.03 0.83 0.68-1.01 1.03 0.95-1.12 

  LTC patients (n=3,511) 

Medium vs. short DOT 1.16 1.00-1.35† 1.02 0.86-1.22 1.24 1.08-1.43† 1.09 0.98-1.21 

Long vs. short DOT 0.82 0.68-1.00† 1.00 0.81-1.24 1.14 0.96-1.36 1.07 0.95-1.21 

Maximum vs. short DOT 0.07  0.03-0.15† 0.74 0.55-1.00† 0.62 0.44-0.87† 0.94 0.80-1.10 

 PD-related-comorbidities 

 Community patients (n=4,072) 

Medium vs. short DOT 0.96 0.82-1.11 1.15 0.95-1.40 1.05 0.84-1.31 1.04 0.91-1.20 

Long vs. short DOT 0.94 0.82-1.08 1.03 0.87-1.23 0.84 0.68-1.03 0.95 0.84-1.07 

Maximum vs. short DOT 0.83  0.72-0.96† 0.65 0.52-0.80† 1.06 0.85-1.33 0.92 0.82-1.05 

 LTC patients (n=3,511) 

Medium vs. short DOT 0.81 0.70-0.92† 0.83 0.72-0.95† 1.65 1.38-1.97† 1.25 1.09-1.43† 

Long vs. short DOT 0.49 0.41-0.60† 0.58 0.48-0.70† 1.40 1.12-1.75† 0.92 0.78-1.08 

Maximum vs. short DOT 0.06  0.03-0.11† 0.49 0.37-0.64† 1.63 1.14-2.33† 1.10 0.90-1.35 
Short �  400 days, Medium =401-539 days, Long =541-578 days, and Maximum =579 days 
RR=Rate ratio; CI=Confidence interval; † indicates a statistical significance at P-value less than 0.05.  
Adjusted variables included demographics (age, gender, race, and residency), LIS status, PDP enrollment, 
seen by neurologists, depression, cognitive conditions, comorbidities, drug burden (# of PD and non-PD 
drugs), changes in APD therapy, preventive services use, all-cause utilization outcome of interest at 
baseline (1/1/2006-5/31/2006), and inverse Miller’s ratio (IMR).  
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Table I.2: Adjusted association of DOT with healthcare expenditures by community and  LTC patients 

DOT 

Healthcare expenditures 
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  -2487† 809 688 2,136 -132 545 2,711† 418 

Maximum vs. short   -3763† 1,006 -9,465† 1,727 -1217† 543 4,952† 480 

 LTC patients (n=3,511) 

Medium vs. short  -4,439† 1,850 -5,531   3,684 -434 480 2,469† 382 

Long vs. short  -26,602† 1,855 -29,397† 3,355 -1,760† 549 3,873† 525 

Maximum vs. short -37,570† 1,805 -42,317† 3,102 -2,544† 593 4,608† 632 
Short �  400 days, Medium =401-539 days, Long =541-578 days, and Maximum =579 days 
ME= marginal effect calculated as difference in expenditure outcome between DOT groups; SE=standard 
error; † indicates a statistical significance at P-value less than 0.05. Adjusted variables included 
demographics (age, gender, race, and residency), LIS status, PDP enrollment, seen by neurologists, 
depression, cognitive conditions, comorbidities, drug burden (# of PD and non-PD drugs), changes in APD 
therapy, preventive service use, death in 2007, all-cause hospitalization at baseline (1/1/2006-5/31/2006), 
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 healthcare utilization by community and LTC patients 

MPR 

Healthcare utilization 
Hospitalizations ER visits HHA episodes Physician visits 

 RR 95% CI RR 95% CI RR 95% CI RR 95% CI 
 All-cause 
 Community patients (n=4,072) 
Moderate vs. low MPR 1.07 0.96-1.20 0.97 0.87-1.08 0.99 0.86-1.15 0.97 0.92-1.02 
High vs. low MPR 0.97 0.88-1.08 0.96 0.87-1.06 0.87 0.76-0.98† 0.94 0.90-0.98† 
Optimal vs. low MPR 0.91  0.80-1.03 0.97 0.86-1.08 0.86 0.74-0.99† 0.91 0.86-0.96† 
 LTC patients (n=3,511) 
Moderate vs. low MPR 0.99 0.92-1.07 0.93 0.83-1.11 0.82 0.73-0.93† 0.93 0.85-1.02 
High vs. low MPR 0.82 0.76-0.88† 0.85 0.78-0.92† 0.82 0.73-0.92† 0.97 0.89-1.05 
Optimal vs. low MPR 0.76  0.72-0.84† 0.88 0.81-0.96† 0.72 0.63-0.82† 0.96 0.88-1.05 
 PD-only 
 Community patients (n=4,072) 
Moderate vs. low MPR 1.03 0.86-1.24 0.97 0.85-1.10 1.17 0.99-1.38 0.98 0.91-1.05 
High vs. low MPR 1.13 0.96-1.33 0.95 0.85-1.06 1.03 0.88-1.20 0.94 0.88-0.99† 
Optimal vs. low MPR 0.82  0.97-1.01 0.96 0.84-1.09 0.92 0.77-1.10 0.92 0.85-0.99† 
 LTC patients (n=3,511) 
Moderate vs. low MPR 1.28 1.08-1.52 0.66 0.53-0.81† 1.00 0.86-1.18 1.13 1.01-1.27† 
High vs. low MPR 0.94 0.79-1.12 0.95 0.80-1.14† 0.96 0.83-1.12 1.15 1.03-1.28† 
Optimal vs. low MPR 0.87  0.71-1.06 0.81 0.66-0.99† 0.84 0.70-0.99† 1.12 1.07-1.35† 

 PD-related-comorbidities 

 Community patients (n=4,072) 
Moderate vs. low MPR 1.01 0.89-1.15 0.97 0.82-1.15 1.75 1.44-2.12 0.91 0.81-1.01 
High vs. low MPR 0.99 0.89-1.11 0.89 0.77-1.04 0.86 0.72-1.02 0.88 0.80-0.97† 
Optimal vs. low MPR 0.99  0.88-1.14 0.94 0.78-1.12 0.86 0.70-1.07 0.89 0.79-1.00† 
 LTC patients (n=3,511) 
Moderate vs. low MPR 1.07 0.90-1.26 0.74 0.63-0.88† 0.78 0.64-0.96 0.79 0.69-0.93† 
High vs. low MPR 0.88 0.74-1.04 0.76 0.65-0.89† 1.24 1.03-1.49 0.82 0.71-0.94† 
Optimal vs. low MPR 0.88  0.74-1.05 0.83 0.71-0.98† 0.83 0.67-1.03 0.82 0.71-0.96† 

Low MPR �  0.79, Moderate MPR=0.80-0.89, High MPR=0.90-0.99, and Optimal MPR=1.00 
RR=Rate ratio; CI=Confidence interval; † indicates a statistical significance at P-value less than 0.05.  
Adjusted variables included demographics (age, gender, race, and residency), LIS status, PDP enrollment, 
seen by neurologists, depression, cognitive conditions, comorbidities, drug burden (# of PD and non-PD 
drugs), changes in APD therapy, preventive services use, all-cause utilization outcome of interest at 
baseline (1/1/2006-5/31/2006), inverse Miller’s ratio (IMR), and DOT.  
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Table J.2: Adjusted association of MPR with healthcare expenditures by community and LTC stay 

MPR 
Healthcare expenditures 

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 -387 468 1,820† 446 
High vs. low MPR 1968 1,112 -824 1,149 -567 405 3,205† 418 
Optimal vs. low MPR -2594† 1,092 -1,231 1,321 -1047† 466 3,986† 480 
 LTC patients (n=3,511) 
Moderate vs. low MPR -3,717 1,953 -4,013   2,762 -588 519 1,030† 416 
High vs. low MPR -14,091† 1,645 -19,723† 2,164 -1,286† 462 2,604† 404 
Optimal vs. low MPR -17,408† 1,679 -23,310† 2,204 -1,818† 479 2,194† 431 

Low MPR �  0.79, Moderate MPR=0.80-0.89, High MPR=0.90-0.99, and Optimal MPR=1.00 
ME= marginal effect calculated as differences in expenditure outcomes between MPR groups; SE= 
standard error; † indicates a statistical significance at P-value less than 0.05. Adjusted variables included 
demographics (age, gender, race, and residency), LIS status, PDP enrollment, seen by neurologists, 
depression, cognitive conditions, comorbidities, drug burden (# of PD and non-PD drugs), changes in APD 
therapy, preventive service use, death in 2007, all-cause hospitalization at baseline (1/1/2006-5/31/2006), 
inverse Miller’s ratio (IMR), and DOT.  
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