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Abstract

Background Parkinson’s disease (PD) is a progressive

neurological disorder for which, at present, there is no cure.

Current therapy is largely based on the use of dopamine

agonists and dopamine replacement therapy, designed to

control the signs and symptoms of the disease. The

majority of current treatments are administered in tablet

form and can involve multiple daily doses, which may

contribute to sub-optimal compliance. Previous studies

with small groups of patients suggest that non-compliance

with treatment can result in poor response to therapy and

may ultimately increase direct and indirect healthcare

costs.

Objective To determine the extent of non-compliance

within the general PD population in the USA as well as the

patient characteristics and healthcare costs associated with

compliance and non-compliance.

Methods A retrospective analysis from a managed care

perspective was conducted using data from the USA

PharMetrics patient-centric claims database. PharMetrics

claims data were complete from 31 December 2005 to 31

December 2009. Patients were included if they had at least

two diagnoses for PD between 31 December 2005 and 31

December 2008, were older than 18 years of age, were

continuously enrolled for at least 12 months after the date

of the most recent PD diagnosis, and had no missing or

invalid data. The follow-up period was the most recent

12-month block of continuous enrollment that occurred

between 2006 and 2009. Patients were required to have at

least one PD-related prescription within the follow-up

period. The medication possession ratio (MPR) was used to

categorise patients as compliant or non-compliant. Direct

all-cause annual healthcare costs for patients with PD were

estimated for each patient, and regression analyses were

conducted to determine predictors for non-compliance.

Results A total of 15,846 patients were included, of whom

46 % were considered to be non-compliant with their pre-

scribed medication (MPR \0.8). Predictors of non-com-

pliance included prescription of a medication administered

in multiple daily doses (p \ 0.0001), a period of \2 years

since the initial PD diagnosis (p = 0.0002), a diagnosis of

gastrointestinal disorder (p \ 0.0001), and a diagnosis of

depression (p \ 0.0001). Non-compliance was also found

to be related to age, with a lower odds of non-compliance in

patients aged 41–80 years than in patients aged C81 years

(p \ 0.05). Although total drug mean costs were higher for

compliant patients than non-compliant patients (driven

mainly by the cost of PD-related medications), the mean

costs associated with emergency room and inpatient visits

were higher for patients non-compliant with their pre-

scribed medication. Overall, the total all-cause annual

healthcare mean cost was lower for compliant ($77,499)

than for non-compliant patients ($84,949; p \ 0.0001).

Conclusion Non-compliance is prevalent within the

general USA PD population and is associated with a recent

PD diagnosis, certain comorbidities, and multiple daily

treatment dosing. Non-compliance may increase the burden

on the healthcare system because of greater resource usage
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compared with the compliant population. Treatments that

require fewer daily doses may have the potential to

improve compliance, which in turn could reduce the eco-

nomic burden associated with PD.

Key Points for Decision Makers

• Almost half of all patients with Parkinson’s disease in

this study were non-compliant with their prescribed

medication, with non-compliance associated with

higher resource utilisation and greater direct all-cause

healthcare mean costs.

• Predictors of non-compliance in the Parkinson’s dis-

ease population were: older age, multiple daily dos-

ing, more recent PD diagnosis, and the presence of

depression or gastrointestinal disorder.

1 Introduction

Parkinson’s disease (PD) is a progressive neurological

disorder caused by the degeneration of dopaminergic

neurons in the substantia nigra, an area of the midbrain that

plays a crucial role in voluntary motor control. It is the

second most common neurological disease worldwide

following Alzheimer’s disease and is the most widespread

form of Parkinsonism. PD should be suspected in patients

presenting with bradykinesia, rigidity, tremors, and/or

postural instability [1–3]. PD is an age-related disorder

with a mean onset of 57 years [4], and the prevalence

increasing with age; in the USA, PD is diagnosed in

approximately 128 cases in every 100,000 individuals aged

50–54 years, with this figure increasing to approximately

958 cases in every 100,000 individuals aged 75–79 years

[5]. An estimated 5 million individuals worldwide have

PD, with 1 million patients diagnosed within the USA [3].

At present there is no cure for PD; modern therapy is

largely based on a strategy that is designed to control the

signs and symptoms associated with PD using dopamine

replacement and dopamine agonists. Several drug classes

are used for the treatment of patients with PD, with current

regimens centred chiefly on the dopamine precursor levo-

dopa [6]. Though initially effective, within 5 years of ini-

tiating levodopa therapy, up to 80 % of patients will

experience substantial side effects such as the development

of fluctuations in motor performance, dyskinesias, and

neuropsychiatric complications [7]. Thus, other treatments

such as dopamine agonists, amantadine, and monoamine

oxidase (MAO-B) inhibitors may be used as first-line

monotherapy to initially control PD.

Current EU and North American guidelines recommend

initial treatment with a dopamine agonist, an MAO-B

inhibitor, or levodopa in early PD [2, 8–11]; the choice

relies on patient characteristics (including age of onset and

comorbidities) and the degree of disability. This levodopa-

sparing strategy can reduce the risk of motor complica-

tions at the early stages of treatment [3, 12]. In advanced

PD, levodopa continues to be the most effective therapy

for the motor symptoms of the disease [3]. However, the

resulting pulsatile dopaminergic stimulation may be

associated with motor fluctuations and complications,

which has been partially supported by historical evolution

of the levodopa dose over decades and by clinical trial

data [13].

Many PD-related treatments are administered in oral

form and can involve multiple oral agents. These agents

generally have different administration/dosing schedules,

with the resulting regimen complexity making it difficult

for patients to remain compliant to treatment. Indeed, ini-

tial reports have indicated that there may be widespread

irregularity between patients in their compliance with PD

treatment [14, 15], with one study estimating that 46 % of

patients taking orally delivered medications are non-com-

pliant [16]. Compliance can be defined as the extent to

which a patient’s actual drug timing, administration, and

dose corresponds to that which is prescribed for them; in

clinical trials, compliance is usually measured by a tablet

count [17]. In general, non-compliance is defined as\80 %

of prescribed tablet intake using the medication possession

ratio (MPR), a formula used to determine patient compli-

ance with their specific treatment regimen [18]. The MPR

is calculated as the sum of the non-overlapping total days

supplied across all PD-related prescriptions in a given

period, divided by the number of days between the first and

last prescription plus the days supplied at the last pre-

scription. The MPR, therefore, gives a numerical measure

of how many non-overlapping days of therapy were

available to the patient within the timeframe measured and

compares this to the total number of days from the first

prescription to the end of the last prescription.

Approximately 50 % of patients with chronic diseases

living in developed countries do not follow treatment rec-

ommendations [19, 20]. For patients with PD, there is

growing evidence to suggest that sub-optimal compliance

is a contributing factor to the variable response to dopa-

mine replacement therapy [21]. For example, a multicentre

European study found that non-compliance with PD treat-

ment was significantly associated with poor motor scores

[on the unified PD rating scale (UPDRS)], more daily

‘‘off’’ time (from UPDRS 4), and worse mobility [within

the PD quality of life score (PDQ39)] compared with

patients who demonstrated satisfactory compliance [21,

22]. Further, non-compliance has been found to be asso-

ciated with higher rates of depression and reduced quality

of life [14].
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This variable response to treatment may have an

economic impact. In North America, the direct medical

cost of treating patients with PD is high: in the USA

alone it is estimated to be $6.7 billion (2002 US dollars)

per year in total [13]. The drivers identified for this

economic burden included outpatient service costs (24 %

of the total direct cost), hospitalisation costs (15 % of

the total direct cost), and the cost of prescription drugs

(14 % of the total direct cost) [13]. Similarly, a recent

observational study estimated that the annual cost of PD

in the USA was approximately $10.78 billion (2007 US

dollars), with direct costs accounting for $6.22 billion

and indirect costs accounting for $4.56 billion per year

[23]. The variable response to dopamine replacement

therapy observed in patients with PD is likely to affect

the direct healthcare costs incurred, with higher costs

expected in PD populations for whom the medication is

less effective, either through lack of efficacy or non-

compliance.

Therefore, the aim of the study was to determine the

distribution and extent of non-compliance within the

insured USA PD population, characteristics of patients who

are compliant versus those who are non-compliant, pre-

dictors of non-compliance, and healthcare costs associated

with non-compliance. It was hypothesised that non-com-

pliance would be observed in a substantial proportion of

patients with PD, similar to that observed previously, and

that this non-compliance would result in a higher yearly

healthcare cost than that associated with patients compliant

with treatment.

2 Methods

2.1 Database

This retrospective analysis used a datacut derived from the

PharMetrics patient-centric claims database that comprises

longitudinal de-identified information from enrolment files

as well as facility, professional service, and outpatient

pharmacy claims from private healthcare benefit plans

covering over 55 million patients enrolled in more than 90

health plans across the USA. The PharMetrics integrated

database includes medical and pharmacy claims with

International Classification of Diseases, Ninth Revision,

Clinical Modification (ICD-9-CM) codes; all claims for a

given patient are linked using a unique encrypted identifier.

The data set is compliant with the Health Insurance Por-

tability and Accountability Act (HIPAA). The database is

geographically diverse and is considered to be representa-

tive of the commercially insured population in the USA

[24]. The datacut used in this study included all patients

having a claim for an ICD-9 diagnosis code of PD

(332.XX) during the period 1 January 2000 to 31 Decem-

ber 2009 (N = 95,076).

2.2 Study Design and Patient Selection

This study was conducted from a managed care perspec-

tive. The PharMetrics datacut used for this study contained

data complete from 31 December 2005 to 31 December

2009. Patients were included in the sample used for the

analysis if they had at least two diagnoses for PD (ICD-9

332) between 31 December 2005 and 31 December 2008, if

they were older than 18 years of age at the time of the most

recent PD diagnosis, were continuously enrolled for at least

12 months after the date of the most recent PD diagnosis,

and had no missing or invalid data. The follow-up period

occurred between 2006 and 2009, and costs were not

adjusted for inflation. Two PD diagnoses were mandated to

increase the specificity of this inclusion criterion. All

health plans included within the PharMetrics database were

included. Once two PD diagnoses had been established for

each patient, the most recent 12 months of continuous

enrolment was defined as the follow-up period, and the first

date of this period was classed as the index date (Fig. 1).

Patients were required to have at least one PD-related

prescription within the follow-up period. Thus, the index

date was not necessarily the date of service of either a PD

medication fill or a PD diagnosis. The ‘‘number of medi-

cations’’ was defined as the number of PD-related phar-

maceutical claims for distinct non-proprietary compounds

during the follow-up period. The ‘‘number of prescrip-

tions’’ was defined as the total number of PD-related

pharmaceutical claims submitted during the follow-up

period. The ‘‘number of days supplied’’ field on each paid

pharmacy claim was used to calculate therapy days. If the

number of days supplied was invalid (i.e. missing or equal

to zero), wherever possible the number was imputed using

the last observation carried forward (LOCF) method;

patients were excluded if the number of days supplied was

invalid and could not be imputed in this manner. Patients

with 50 or more PD-related tablets a day were also

excluded to reduce the influence of outliers.

2.3 Patient Assessment and Non-Compliance

Non-compliance was defined as patients being without a

claim for PD-related medication for [20 % of the

12-month follow-up period and compliance defined as an

overall MPR C80 % for all PD-related drugs prescribed

[16]. The MPR was calculated using the formula:
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PD-related medication was defined as anticholinergics

(e.g., benztropine, biperiden, ethopropazine, procyclidine,

trihexyphenidyl; GPI code starting with 7310), COMT

inhibitors (tolcapone, entacapone; 7315), amantadine

(7320001), dopamine agonists [e.g., bromocriptine, ca-

bergoline, pergolide, pramipexole (immediate and exten-

ded release), ropinirole (immediate and extended release);

7320002, 7320005, 73203], levodopa [including levodopa/

carbidopa and levodopa/carbidopa/entacapone] (7320004,

73209), and MAO-B inhibitors (e.g., rasagiline, selegiline;

733). These medications were included regardless of their

form or dosage (e.g., once daily/extended-release dopa-

mine agonists were included alongside dopamine agonists

requiring multiple daily dosing). All other medications

received were classed as non-PD-related drugs.

Age at index date was calculated using the derived year

of birth. Gender was equivalent to the sex listed on the

enrolment record. Region was assigned as East, Northwest,

South, or West, as defined by the US Census Bureau. The

regimen was defined according to the generic ingredients

prescribed during the follow-up period. The number of pills

per day was calculated as the sum of the quantity dispensed

divided by the number of days supplied. If the days sup-

plied field was missing, the field was imputed from the

package insert for that medication. Medications were

classified as requiring multiple daily treatment doses

according to instructions on their package inserts. Time

since PD diagnosis was defined as the number of days

between the index date and the patient’s first PD diagnosis

in the database.

Depression and gastrointestinal disorders (GIDs) have

previously been identified as important comorbidities in

PD [25, 27] and were thus defined as such in this analysis.

Patients were classified as having depression if they had

both a diagnosis for a depressive or dysthymic disorder and

a prescription for an antidepressant (GPI code began with

58; ICD-9 codes 296.3, 311, 300.4, 296.2). A diagnosis of

depression could occur at any time before or during the

follow-up period. Patients were classified as having a GID

if they were diagnosed with oesophageal disease, an ulcer,

gastritis, stomach disorders, mucositis, intestinal obstruc-

tion, digestive disorders, peritoneum disorders, intestinal

disorders, or dysphagia (ICD-9 codes 787.2, 530–538, 560,

564, 568, 569) (see Makaroff 2011). Similarly, a diagnosis

of GID could occur at any time before or during the follow-

up period.

2.4 Cost Estimation

Total all-cause annual healthcare costs were calculated and

stratified by medication (PD-related medication and non-

PD medication), emergency room visits, laboratory inves-

tigations, non-laboratory services, physician visits, and

inpatient and uncategorised costs. These costs were

Total non� overlapping days supplied of all PD� related prescriptions during follow� up period

Number of days between the first and last prescription plus the days supplied of the last prescription

Fig. 1 Study design indicating index date and follow-up period. All patients were required to have at least one PD-related prescription during the

12-month follow-up period
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estimated for each patient from the PharMetrics database

using the variable ‘‘ALLOWED’’, which reflects the

amount the plan allows for a particular service. It is typi-

cally the paid amount plus any member liability (e.g., co-

payment, deductible, and coinsurance). Outpatient costs

were the sum of emergency room, laboratory, non-labora-

tory ancillary service, and physician visit costs. Inpatient

costs were calculated from non-emergency room hospital-

isation costs. Drug costs were the sum of PD-related drug

and other drug costs. Total costs were the sum of these

outpatient and drug costs, plus inpatient and uncategorised

costs.

2.5 Statistical Methods

For continuous variables (e.g., mean age, total cost), a two-

sample t test was conducted to compare the mean outcome

values between compliant (MPR [0.8) and non-compliant

(MPR B0.8) patients. Where the continuous samples being

compared were found to have equal variance, a pooled

analysis was used (default analysis); a Satterthwaite anal-

ysis was used if unequal variances were observed. For

categorical variables (e.g., age categories, number of pills

per day), the Pearson’s chi-square test was used to compare

the distribution of patients across the compliant and non-

compliant cohorts. Statistical significance was assessed at

p B 0.05 (alpha value). Age was treated as a discrete

variable since the differences between each year could not

be assumed to be equivalent. The total number of tablets

was collapsed into a dichotomous variable in which both

categories contained approximately the same number of

patients (i.e. \10 tablets per day, [10 tablets per day)

because this variable was not normally distributed.

A multiple logistic regression model was built to

determine the predictors that impact upon compliance. The

dependent variable of the model was compliance (MPR

\80 vs. C80 %). Within each covariate, a reference group

was assigned to define a base case to which other groups

could be compared. The choice of reference group was

arbitrary. A stepwise (backwards) selection of the covari-

ates was conducted to assess the statistical significance of

each covariate as a predictor of non-compliance and to

remove covariates that were considered non-statistically

significant if their p value from the type 3 analysis was

[0.05 (alpha value). For a variable with multiple catego-

ries such as age or dosing regimen, all categories were

required to be non-significant predictors for the variable to

be removed from the model. Covariates potentially influ-

encing the probability of non-compliance were patient

demographics (age and gender), drug characteristics

(number of tablets per day and prescription for daily tab-

lets), and medical characteristics (time since PD diagnosis,

presence of GID, and diagnosis of depression).

All analyses were conducted using the SAS� statistical

package (version 9.2; SAS Institute Inc., NC, USA),

including study design, patient selection, and data analysis.

Due to the observational retrospective design of this

study, no causal links could be established among com-

pliance, cost, and comorbidities

3 Results

The flow of patients through the analysis is detailed in

Fig. 2. A total of 15,846 patients with PD were identified

from the PharMetrics database, of whom 60 % were male,

35 % had a diagnosis of depression, and 65 % had a

diagnosis of GID. The mean age of the total population was

72.6 years. Patient demographics are presented in Table 1.

Fig. 2 Flow chart indicating patient selection from the PharMetrics�

database. PD Parkinson’s disease. * Patients were deleted because of

missing or zero values for quantity after last observation carried

forward (LOCF) was used. Patients were also excluded if they had PD

prescriptions for 50 or more tablets a day
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Table 1 Characteristics of the study population included within the retrospective claims database analysis

Characteristics All patients, n (%) MPR \0.8, n (%) MPR C0.8, n (%) p value*

Total study population 15,846 (100 %) 7,244 (45.72 %) 8,602 (54.28 %) –

Age

Age, mean (SD) years 72.6 (11.7) 73.9 (11.7) 71.5 (11.6) \0.0001

11–20 1 (0.01 %) 0 (0 %) 1 (0.01 %) –

21–30 8 (0.05 %) 5 (0.07 %) 3 (0.03 %) –

31–40 51 (0.32 %) 23 (0.32 %) 28 (0.33 %) –

41–50 437 (2.76 %) 177 (2.44 %) 260 (3.02 %) –

51–60 2,040 (12.87 %) 784 (10.82 %) 1,256 (14.60 %) –

61–70 3,919 (24.73 %) 1,581 (21.82 %) 2,338 (27.18 %) –

71–80 5,296 (33.42 %) 2,526 (34.87 %) 2,770 (32.30 %) –

81 and older 4,094 (25.84 %) 2,148 (29.65 %) 1,946 (22.62 %) –

Gender

Male 9,555 (60.30 %) 4,355 (60.12 %) 5,200 (60.45 %) 0.6701

Region

East 4,022 (25.38 %) 1,969 (27.18 %) 2,053 (23.87 %) –

Northwest 5,882 (37.12 %) 2,570 (35.48 %) 3,312 (38.50 %) –

South 4,385 (27.67 %) 2,083 (28.75 %) 2,302 (26.76 %) –

West 1,557 (9.83 %) 622 (8.59 %) 935 (10.87 %) –

Regimen

Levodopa, but not DA or amantadine 6,127 (38.67 %) 3,478 (48.01 %) 2,649 (30.80 %) \0.0001

DA, but no levodopa or amantadine 899 (5.67 %) 478 (6.60 %) 421 (4.89 %) \0.0001

Levodopa and DA, but not amantadine 5,389 (34.01 %) 1,974 (27.25 %) 3,415 (39.70 %) \0.0001

Amantadine, but not levodopa or DA 120 (0.76 %) 87 (1.20 %) 33 (0.38 %) \0.0001

Amantadine and Levodopa but not DA 899 (5.67 %) 416 (5.74 %) 483 (5.61 %) 0.7292

Amantadine and DA but not levodopa 190 (1.20 %) 68 (0.94 %) 122 (1.42 %) 0.0057

Amantadine, DA and levodopa 2,012 (12.70 %) 613 (8.46 %) 1,399 (16.26 %) \0.0001

MAO-B inhibitors (no amantadine, no DA, no levodopa) 129 (0.81 %) 73 (1.01 %) 56 (0.65 %) 0.0128

Other PD-related meds (no levodopa, amantadine,

DA, or MAO-B inhibitors)

81 (0.51 %) 57 (0.79 %) 24 (0.28 %) \0.0001

GID diagnosis

GID diagnosis after PD diagnosis 4,449 (28.08 %) 2,038 (28.13 %) 2,411 (28.03 %) 0.8832

GID diagnosis before PD diagnosis 1,360 (8.58 %) 653 (9.01 %) 707 (8.22 %) 0.0750

GID diagnosis both before and after PD diagnosis 4,369 (27.57 %) 2,191 (30.25 %) 2,178 (25.32 %) \0.0001

GID diagnosis in-between first and second PD diagnosis 130 (0.82 %) 67 (0.92 %) 63 (0.73 %) 0.1817

Never diagnosed with GID 5,538 (34.95 %) 2,295 (31.68 %) 3,243 (37.70 %) \0.0001

Ever diagnosed with GID 10,308 (65.05 %) 4,949 (68.32 %) 5,359 (62.30 %) –

Depression

Depression 5,495 (34.68 %) 2,649 (36.57 %) 2,846 (33.09 %) \0.0001

Tablets, mean (SD)

Number of PD tablets per day 3.60 (1.86) 3.67 (2.09) 3.53 (1.63) \0.0001

Number of non-PD tablets per day 9.47 (65.31) 9.63 (69.27) 9.34 (61.78) 0.7847

Number of PD medications 2.30 (1.41) 1.82 (1.11) 2.71 (1.51) \0.0001

Number of PD prescriptions 12.93 (9.78) 7.48 (5.12) 17.53 (10.39) \0.0001

Prescription taken more than once daily 2,054 (12.96 %) 758 (10.46 %) 1,296 (15.07 %) \0.0001

DA dopamine agonist, GID gastrointestinal disorder, MAO-B monoamine oxidase, MPR medication possession ratio, PD Parkinson’s disease, SD

standard deviation

* p value obtained from a statistical test comparing patients with MPR\0.8 to patients with MPR C0.8 (Pearson’s chi-square test for categorical

variables, two-sample t test for continuous variables)
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3.1 Extent of Non-Compliance in the USA PD

Population

Approximately 46 % of patients were found to be non-

compliant with their PD-related medication (MPR \0.8)

and the degree of non-compliance was consistent across the

four main regions of the USA (Table 1). The mean age of

the non-compliant cohort was higher than the mean age of

the compliant cohort (74 vs. 72 years; p \ 0.0001).

3.2 Predictors of Non-Compliance

Results of the regression analysis are presented in

Table 2. After analysing the statistical significance of each

covariate, gender was removed as a covariate. The refer-

ence case was defined as a patient 81 years or older,

diagnosed with PD for more than 2 years and who is

receiving more than ten tablets per day, where at least one

prescription is for a more than once daily tablet. This ref-

erence patient has been diagnosed with depression but

never diagnosed with GID. The odds of non-compliance in

this patient group was estimated at 0.68.

Age was found to be a predictor of non-compliance,

with patients aged 41–80 years at increased odds to be

compliant than patients aged 81 years and older

(p \ 0.0001). The treatment regimen itself was also found

to influence the odds of non-compliance. Non-compliance

was associated with a treatment regimen containing fewer

Table 2 Results from the multivariable logistic regression estimating the probability of non-compliance in patients with Parkinson’s disease

Parameter Coefficient

estimate

Standard

error

Odds

ratio

Wald 95 % confidence

limits

p value

Reference case -0.3907 0.0562 0.68 0.61, 0.76 N/A

Age (years)

21–30 0.1606 0.7451 1.17 0.27, 5.06 0.8294

31–40 -0.2826 0.2905 0.75 0.43, 1.33 0.3307

41–50 -0.4777 0.1059 0.62 0.50, 0.76 \0.0001

51–60 -0.5511 0.0574 0.58 0.51, 0.65 \0.0001

61–70 -0.4439 0.0467 0.64 0.59, 0.70 \0.0001

71–80 -0.1343 0.0428 0.87 0.80, 0.95 0.0017

81 and older Referencea

Number of tablets per day

Less than 10 tablets per day 0.8892 0.0341 2.43 2.28, 2.60 \0.0001

Greater than 10 tablets per day Referencea

Time since diagnosis

Diagnosed for \2 years 0.129 0.0341 1.14 1.06, 1.22 0.0002

Diagnosed [2 years Referencea

Daily tablets

No prescriptions for a more than once daily tablet -0.4273 0.0504 0.65 0.59, 0.72 \0.0001

At least one prescription for a more than once daily

tablet

Referencea

GID

Had GID 0.2873 0.0361 1.33 1.24, 1.43 \0.0001

Never had GID Referencea

Depression

No depression diagnosis -0.2357 0.0354 0.79 0.74, 0.85 \0.0001

Depression diagnosed Referencea

Gender proved to be a non-statistically significant covariate during the stepwise selection and was therefore removed from the final model. Odds

ratios (on the linear scale) and their confidence intervals were derived from the original coefficient estimates obtained with the logistic regression

by exponentiating the values. A higher odds ratio compared to the reference case means that the odds of the patient group being non-compliant is

increased (odds of compliance is decreased); a lower value means that the odds of non-compliance in the patient group is decreased compared to

the reference case. The 11–20-year age category only included one patient, who was removed from the data prior to running the final model. The

goodness of fit was evaluated using the scaled Pearson v2 test (15,840.6043, df = 16,000)

GID gastrointestinal disorder, NA not applicable
a Reference selection is arbitrary
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than ten tablets per day (p \ 0.0001) and at least one

prescription for a more than once-daily tablet (p \ 0.0001).

Time since diagnosis also acted as a predictor for non-

compliance, with patients diagnosed for \2 years at

increased odds to be non-compliant than patients diagnosed

for a longer period than 2 years (p = 0.0002). In terms of

comorbidities, those patients with diagnosed with GID

(p \ 0.0001) or depression (p \ 0.0001) were at increased

odds to be non-compliant compared to patients without

these diagnoses.

Overall, patients with the lowest odds to be compliant

had the following characteristics: aged 81 years or older,

prescribed fewer than ten tablets per day but with at least

one prescription that required multiple daily doses, had

been diagnosed with PD for\2 years, and had a diagnosis

of both GID and depression.

3.3 The Healthcare Costs of Patients Who Are

Compliant and Non-Compliant

Overall, the total all-cause annual mean healthcare costs

for PD patients were lower for compliant patients

($77,499) than the mean costs for non-compliant patients

($84,949; p \ 0.0001), with compliant patients having

annual mean costs that were $7,451 higher than non-

compliant patients (Table 3). The main drivers of the total

mean costs for non-compliant and compliant patients were

non-emergency room (inpatient) non-ER hospitalisation

mean costs (24.7 % of the total costs for non-compliant

patients vs. 19.4 % of the total costs for compliant

patients), and outpatient mean costs (emergency room

mean costs, laboratory mean costs, non-laboratory ancil-

lary service mean costs, and physician visit mean costs;

29.4 % of the total mean costs for non-compliant patients

vs. 24.8 % of the total mean costs for compliant patients)

(Table 3). Although total drug mean costs were higher for

compliant than non-compliant patients (19.8 % of the total

mean costs for non-compliant patients; 30.1 % of the total

mean costs for compliant patients) (Table 3), driven mainly

by the mean costs of PD-related medication (difference of

$5,674 per year; p \ 0.0001), outpatient and non-ER hos-

pitalisation mean costs were both lower for patients com-

pliant to medication (Fig. 3).

4 Discussion

Almost half of the patients included within this USA ret-

rospective claims database analysis were considered to be

non-compliant with their PD treatment regimen. This is

consistent with previous estimates [16] and confirms that

non-compliance in PD remains an important healthcare

problem. Indeed, non-compliance was associated with total

yearly healthcare costs that were 10 % higher than the

annual healthcare mean costs for patients compliant with

their treatment regimen in the current analysis. Although

total drug mean costs are higher for patients who demon-

strate better compliance with PD therapy, these mean costs

are outweighed by the total out- and inpatient hospitalisa-

tion costs. As a result, the total direct all-cause healthcare

mean costs are lower for patients compliant with their PD

therapy than for patients non-compliant with their pre-

scribed regimen. It should be noted however that the mean

costs varied considerably between patients, which is

reflected in the large standard deviations observed in this

study (Table 3).

Table 3 Healthcare costs ($US) incurred by PD patients in total and stratified by level of compliance

Cost type, mean $US (SD) All PD patients Non-compliant patients

(MPR \0.8)

Compliant patients

(MPR C0.8)

p value

PD-related medication costs 7,328.41 (9,648.66) 4,248.32 (6,247.1) 9,922.25 (11,132.02) \0.0001

Other medication costs 13,007.62 (18,203.82) 12,547.79 (16,441.39) 13,394.85 (19,557.83) 0.0031

Total drug costs 20,336.03 (21,542.00) 16,796.11 (18,261.6) 23,317.1 (23,550.5) \0.0001

Emergency room visit costs 15,038.10 (30,086.98) 18,348.34 (34,037.19) 12,250.46 (25,981.15) \0.0001

Laboratory investigation costs 1,153.00 (1,931.61) 1,131.11 (1,970.29) 1,171.43 (1,898.34) 0.1906

Non-laboratory ancillary service costs 661.54 (1,417.82) 680.79 (1,449.96) 645.32 (1,390.07) 0.1167

Physician visit costs 4,998.43 (5,099.45) 4,852.80 (4,954.77) 5,121.06 (5,215.32) 0.0010

Outpatient costs 21,851.07 (31,642.94) 25,013.04 (35,486.04) 19,188.27 (27,724.16) \0.001

Non-emergency room (inpatient)

hospitalisation costs

17,743.77 (38,292.28) 20,962.01 (41,760.52) 15,033.59 (34,879.72) \0.0001

Uncategorised costs 20,973.83 (35,680.49) 22,178.19 (39,296.31) 19,959.59 (32,290.81) \0.0001

Total cost 80,904.69 (86,278.16) 84,949.37 (92,523.53) 77,498.55 (80,492.45) \0.0001

MPR medication possession ratio, PD Parkinson’s disease, SD standard deviation

p value calculated using Satterthwaite t test method for unequal variances
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An older retrospective study analysing insurance claims

from a small number of health plans between January 1997

and December 2004 also reported that the unadjusted mean

medical costs were significantly higher among non-com-

pliant patients than among compliant patients, even though

non-compliant patients had lower prescription drug costs

than compliant patients [26]. Key drivers of the cost dif-

ference between cohorts appear to be outpatient services,

hospitalisation, and prescription drugs costs [13]. Thus,

patients with PD who are non-compliant with their PD-

related medication may represent a greater burden to the

healthcare system than comparable patients who are com-

pliant with their treatment regimen. Further, this current

study and previous retrospective analyses have only taken

into account the total direct all-cause healthcare costs

associated with compliance with PD treatment, not the

indirect costs that impact the societal burden of non-com-

pliance in PD (e.g., productivity losses). The indirect

medical cost of PD is estimated to be $16.3 billion per year

in total for the USA (2002 US dollars), and these indirect

costs may also be higher for patients who demonstrate poor

compliance with PD treatment compared with patients who

are compliant [13].

In the current analysis poor compliance was associated

with older age ([81 vs. 41–80 years), time since PD

diagnosis of \2 years, medication requiring multiple daily

doses, and a concomitant diagnosis of depression and/or

GID. These identified characteristics were somewhat dif-

ferent to those observed in a recent single-centre observa-

tional study of compliance in PD that used electronic

monitoring bottles to measure compliance over 3 months

[14]. Both studies found that higher depressions scores and

medication requiring dosing more frequently than once

daily were predictors of non-compliance. However, the

previous study found poor compliance was associated with

taking more PD-related tablets per day, which is in contrast

to the current study, which found that the odds of non-

compliance were 2.43-fold greater in patients taking fewer

than ten tablets per day compared with those taking more

than ten tablets per day (Table 2). This disparity may be

due to differences in the methodology used for the two

analyses. In the previous study, patients prescribed more

than one PD-related drug had the percentage of the total

dose taken calculated separately for each drug and then

averaged. For the current study, the ‘‘days supplied’’ from

all PD-related drugs prescribed were combined to calculate

a single MPR value for each patient rather than calculating

an individual MPR for each drug that a patient was pre-

scribed. This approach means that a patient with pre-

scriptions for many different drugs may appear more

compliant than a patient with prescriptions for a single drug

because of the greater number of ‘‘days supplied’’ present

in the claims of those patients.

Importantly, there is expected to be an increase in the

number of patients with PD as a result of the increasing

average life expectancy of the global population [27]. A

study investigating the prevalence of PD in the world’s

ten most populous countries predicted that the number of

individuals over the age of 50 years with PD was between

4.1 million and 4.6 million in 2005, with this number

expected to double to between 8.7 million and 9.3 million

by 2030 [5]. If current treatment methods remain the

same and the number of patients with PD increases, it

may be of interest to improve patient compliance with

treatment.

A variety of possible methods of increasing compliance

have been developed. These methods include tying the

medication-taking process to other daily routines [28],

Fig. 3 The mean cost

difference between outpatient

mean costs, drug mean costs,

and non-emergency room

hospitalisation mean costs for

non-compliant patients minus

costs for compliant patients

undergoing PD treatment. PD

Parkinson’s disease
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development of an individualised treatment plan that sim-

plifies the regimen as far as possible [29], implementation

of electronic medication compliance monitoring systems

[30], provision of compliance aids such as medication

calendars or dispensing systems [29], appropriate patient

education [31], providing advanced warning about the

possibility of side effects [32], increasing the perceived

utility of the medication [33], and decreasing the cost

barrier of the medication [34]. Decreasing the complexity

of the treatment regimen could also prove to be an

important means by which compliance can be improved

[35]. For PD specifically, a key method to increase com-

pliance is to improve the ease of administration of the

treatment regimen [36, 37]. Problems with swallowing pills

are prevalent in the elderly population, especially in

patients with dysphagia [38].

Another strategy for treating PD is the use of a skin

patch or transdermal therapeutic system (TTS), which may

offer some advantages over oral administration of anti-

Parkinson therapy: patch use could reduce gastrointestinal

variations and avoid first-pass metabolism, as well as

simplifying the daily dosing schedule and ensuring a short

plasma elimination half-life of the drug after patch removal

[37]. A transdermal patch that contains the dopamine

agonist rotigotine is available in the USA and EU for the

treatment of the signs and symptoms of early stage idio-

pathic PD and in combination with levodopa for the

treatment of late-stage PD [39]. Clinical trials of the

transdermal patch demonstrated an average compliance of

98 %, with no patient taking\85 % of the trial medication

[40]. The ease of administration offered by the transdermal

patch suggests that it may have the potential to reduce

healthcare costs associated with non-compliance in patients

with PD.

A potential limitation of the current analysis could be

the manner in which compliance was measured. The use of

claims data necessarily assumes that every prescription

filled represents medication consumed by the patient; in

reality, the patient may not have visited the doctor to

receive a prescription, the prescription may be filled

without the patient ingesting the drug, or the prescription

may be filled, the drug ingested, but the claim not filed by

the patient. Despite this, pharmacy records have been

demonstrated to be a valid measure of the exposure of

patients to their medication [41] and are recognised as a

standard means of assessing compliance in the absence of a

more accurate method. Indeed, the impact of any inaccu-

racy in the method would be to underestimate the extent of

non-compliance with therapy and allocate patients as

compliant where they are actually non-compliant. It is

likely, therefore, that the current analysis is a conservative

estimate of the current situation with respect to compliance

in PD.

The development of GID has been linked with PD-

related medication [42], and as such diagnosis of a GID

comorbidity was considered a likely contributor to non-

compliance in patients receiving PD-related medication.

However, a second limitation of the current analysis is that

some patients classified as diagnosed with GID were

actually diagnosed prior to PD diagnosis (8.6 %) or were

diagnosed with GID both before and after PD diagnosis

(27.8 %). Therefore, for patients with GID who were

diagnosed prior to PD diagnosis, the GID would not be

considered an adverse event associated with PD-related

medication and would therefore not be expected to influ-

ence compliance. Only GID diagnosed between the first

and second PD diagnosis or after the second PD diagnosis

(28.9 %) would be expected to influence compliance in this

patient population. The inclusion of GID cases diagnosed

prior to PD diagnosis may therefore underestimate the

impact of PD medication-related GID on the odds of non-

compliance with therapy, with the current results consid-

ered to be a conservative estimate of the impact of this

covariate. It should be noted that a pre-PD diagnosis of

GID could be worsened by the administration of PD-related

medications and therefore still contribute to non-compli-

ance in this population.

Furthermore, this logistic regression did not account for

unobserved factors such as disease severity or socioeco-

nomic background, which may have influenced both

compliance and healthcare utilisation. For example, pre-

vious studies have recognised a ‘‘healthy adherer’’ effect in

which higher compliance with placebo was also associated

with improved health outcomes [43]. As the analysis of

healthcare costs did not include any regression analysis to

control for covariates, any comparisons between the com-

pliant and non-compliant groups must be conducted with

caution, especially as all-cause costs were measured rather

than just PD-related costs. Simultaneity bias may have

been present for any of the covariates that were observed

through the follow-up period, during which the MPR was

computed. For example, one scenario that could generate

simultaneity is if a patient is influenced in their medication

compliance by their number of physician or hospital visits.

5 Conclusions

Overall, non-compliance with treatment in patients with

PD is a significant problem and one that may be associated

with an increased economic burden for the healthcare

provider. One of the predictors of non-compliance in

patients with PD is the necessity for medication adminis-

tered in multiple daily doses. Development of PD treat-

ments that have an extended release formulation requiring

fewer daily doses or have an alternative mode of
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administration could potentially improve compliance.

Given the expected increase in the worldwide prevalence

of PD in the coming decades, employing strategies to

increase compliance may contribute to the reduction of the

future burden of PD.
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