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Objective: We investigated treatment persistence and adherence for levodopa 
adjunct medications and their relationship with demographic factors in Japanese 
patients with Parkinson’s disease (PD).

Methods: This longitudinal retrospective study used a Japanese health insurance 
claims database for levodopa adjunct medications in patients newly prescribed 
anti-PD drugs other than levodopa between December 2020 and November 
2021. Patients with a PD diagnosis were included in this study, and 17 anti-PD 
drug cohorts were formed. The primary outcomes were treatment persistence 
and adherence over 1 year. Multivariate analysis was conducted to evaluate 
demographic factors associated with treatment persistence/adherence.

Results: In total, 7,605 patients were included in this analysis, with a mean 
age of 77.2 years, and 43.6% were male. The 1-year treatment persistence rate 
was 44.8%. Median persistent treatment duration over 1 year was 270.0 days. 
Persistence rates ranged from 28.6 to 59.5% across the drug cohorts, and were 
highest for zonisamide (59.5%) followed by safinamide (55.8%). The proportion 
of patients with proportion of days covered ≥80% (good treatment adherence) 
was 96.9% in the all-drugs cohort and ≥ 90% in each drug-specific cohort. In the 
multivariate analysis, the factor most strongly associated with non-persistence 
was the number of concomitant anti-PD drugs (risk ratio [RR] 0.85 per 1 unit 
increase), with the exception of inpatient prescriptions (RR 0.75).

Conclusion: More than half of the new anti-PD drugs added to levodopa were 
discontinued within 1 year, and adherence to treatment, as assessed by filling 
records, was extremely high in patients with PD, including the elderly population.
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1 Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative 
condition mainly characterized by motor symptoms (including 
bradykinesia, tremor, rigidity, and postural instability) and non-motor 
symptoms (including cognitive abnormalities, autonomic dysfunction, 
sleep disorders, pain, and other sensory disturbances) (1, 2). More 
than 80% of patients with PD in Japan are over 65 years of age (3, 4). 
Levodopa is the gold standard of treatment for PD. However, long-
term levodopa treatment is associated with motor complications, such 
as wearing-off and dyskinesia onset. As the disease progresses, 
adjunctive therapy becomes necessary in addition to levodopa. In 
Japan, various types of adjunctive drugs for wearing-off are available, 
including dopamine agonists, monoamine oxidase B inhibitors, 
catechol-O-methyltransferase inhibitors, adenosine A2A receptor 
antagonists, and zonisamide.

In general, the efficacy and safety of pharmacological treatment 
are associated with both medication discontinuation and adherence. 
For appropriate drug treatment of PD, it is essential for patients to 
be  actively involved in their treatment and adhere to taking the 
medications prescribed by their doctor. However, as with other 
chronic diseases, adherence to treatment is low in patients with PD, 
with non-adherence rates reported to vary between 10 and 67% (5). 
As the prevalence of comorbidities increases with age, older adults are 
more prone to polypharmacy, which can negatively affect treatment 
adherence and persistence. Poor treatment adherence can lead to 
worsening of patients’ symptoms and the need for additional 
medication, which also increases healthcare costs (6). Therefore, 
non-adherence to treatment is an important problem in the 
management of PD that warrants attention.

Studies conducted overseas have identified several risk factors for 
poor treatment adherence, including age, length of illness, cognitive 
decline, depression, inadequate symptom control, complexity of 
treatment including polypharmacy, and drug side effects (5, 7). In 
Japan, there have been few longitudinal studies on drug prescriptions 
for PD (8, 9) owing to a lack of traceable medical information 
databases that include the elderly population, and previous studies 
have not examined persistence and adherence to levodopa adjunct 
medications. However, with the implementation of the elderly 
healthcare system in 2008, people aged ≥75 years are now covered by 
this system (10), and the elderly health insurance database has become 
available for research use.

This study aimed to longitudinally analyze treatment persistence 
rates and adherence to PD medication (excluding ergot dopamine 
agonists, and focusing on levodopa adjunct medications), along with 
the relationships between treatment persistence/adherence and 
comorbidities and polypharmacy, in Japanese patients with PD, 
including the elderly, during drug treatment.

2 Materials and methods

2.1 Study design

This was a longitudinal descriptive epidemiological study using 
medical claims information data from a claims database (IQVIA 
Claims D, IQVIA Solutions Japan G.K.), derived from two Japanese 
National Health Insurance systems: the latter-stage elderly health 

insurance system for people aged ≥75 years, and the National Health 
Insurance system for people aged <75 years and not covered by 
another public health system. The database contains medical 
information such as diagnosis codes, prescription drugs, and 
procedure codes. Medical information can be tracked even for an 
individual who visits multiple medical facilities, provided that 
individual maintains membership in the same health insurance 
program. The data extraction period was from December 2019 to 
November 2022. The cohort entry date was defined as the date of the 
first filling of the drug under analysis (index drug) during the data 
extraction period from December 2020 to November 2021. Each case 
was followed up for up to 365 days from the cohort entry date. The 
study design is shown in Supplementary Figure 1.

Seventeen drugs with an indication for PD, in either oral or 
transdermal patch formulations (excluding levodopa combination 
products and ergot dopamine agonists), were included in the analysis 
as an index drugs (Supplementary Table 1). Ergot dopamine agonists 
are available in Japan, but their prescription rates are low (8). 
Furthermore, in the 2018 Japanese Society of Neurology Parkinson’s 
Disease Clinical Practice Guidelines, ergot dopamine agonists are not 
recommended as a first-line agent due to their risk of side effects (11). 
This study included patients who newly started treatment for PD with 
anti-PD drugs other than oral levodopa while prescribed oral 
levodopa. Accordingly, patients treated with ergot dopamine agonists 
were excluded in this study. As droxidopa is indicated for the 
treatment of PD in patients with Hoehn-Yahr stage 3 who exhibit the 
symptoms of freezing gait in Japan (12), patients treated with 
droxidopa were included in this study. Zonisamide is also indicated 
for the treatment of PD as an adjunct to levodopa in Japan (13).

Cohorts were formed for each newly filled drug on the date of 
cohort entry, and these were combined to form the all-drugs cohort. 
If the all-drugs cohort included patients with the same identification 
number, only data for the drug with the earliest new filling date were 
used. In the all-drugs cohort, when multiple drugs (among those listed 
in Supplementary Table 1) were filled at the date of cohort entry, the 
index drug was defined as the combination of multiple drugs.

The study protocol was approved by the Clinical Research Ethics 
Review Committee of Ehime University Hospital. The study was 
conducted in accordance with the Declaration of Helsinki and in 
compliance with the Ethical Guidelines for Life Sciences and Medical 
Research Involving Human Subjects. Informed consent was waived 
because an anonymized commercial database was used. This study 
was registered at the UMIN Clinical Trials Registry under the 
identifier number UMIN000052869.

2.2 Patients

To include patients who newly started treatment for PD with 
anti-PD drugs other than oral levodopa while prescribed oral 
levodopa, patients who met all of the following criteria were included 
in the study: (1) patients with a definitive diagnosis of PD 
(International Statistical Classification of Diseases 10th Revision 
[ICD-10] (14) code: G20) in the same month as the cohort entry date, 
(2) patients for whom oral levodopa was filled both on the cohort 
entry date and in the 180 days immediately preceding the cohort entry 
date (look-back period), (3) patients with no index drug filling in the 
look-back period, and (4) patients aged ≥40 years at the date of cohort 
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entry. Patients who met any of the following criteria were excluded 
from the study: (1) patients who did not have any data recorded 
during the look-back period or for 365 days after the date of cohort 
entry and/or (2) patients with a diagnosis of a disease that needs to 
be  differentiated from PD, including multiple system atrophy, 
progressive supranuclear palsy, basal ganglia degeneration, vascular 
Parkinson’s syndrome, normal pressure hydrocephalus, drug-induced 
Parkinson’s syndrome, and schizophrenia. ICD-10 codes for the 
diseases used in this study are shown in Supplementary Table 2.

2.3 Outcomes

The primary outcomes were treatment persistence (persistence 
rate, period) and treatment adherence. A gap period was defined as 
the number of days from the last day of filling the index drug to the 
next filling day. Treatment was considered “persistent” if the gap 
period was less than 30 days; otherwise, it was deemed discontinued. 
The 1-year treatment persistence rate was evaluated for the all-drugs 
cohort and each drug cohort. Adherence was evaluated using the 
proportion of days covered (PDC) (15), that is, “the number of days 
in the covered period/number of days from the first fill date to the date 
before the start date of the last covered period” within the persistent 
treatment period.

The covered period refers to the period covered by index drug 
medication, that is, from the fill date until the earlier of either of the 
following events: (1) the last date covered by the prescription or (2) 
the next fill date. For the all-drugs cohort, the covered period was 
defined as the period covered by multiple index drugs filled on the 
cohort entry date. We calculated this as the period during which the 
covered period of each drug overlapped, with days between each 
covered period considered the gap period.

The analysis of adherence was restricted to patients with at least 
two prescriptions filled for the index drug to reduce potential bias and 
include patients established as continuous users. The adherence 
measure used in this study was adopted from the Quality Alliance and 
the National Association of Specialty Pharmacy (15). The proportion 
of patients with good treatment adherence, defined as a PDC ≥80%, 
was evaluated.

An exploratory multivariate analysis was conducted to evaluate 
factors associated with good treatment persistence and adherence in 
the all-drugs cohort. Explanatory variables included age, sex, number 
of drugs filled, daily levodopa dose at cohort entry date, hospitalization 
during the follow-up period, concomitant drugs, and presence of 
comorbidities (depression, dementia, and liver failure/renal failure 
[Supplementary Table  2]) during treatment. The number of 
concomitant drugs for other diseases was defined as the number of 
drugs, excluding those for PD (Anatomical Therapeutic Chemical 
code N04), filled in the cohort entry date or the look-back period. 
These drugs were classified according to the Anatomical Therapeutic 
Chemical second level (pharmacological or therapeutic subgroup). 
Those with less than 14 prescription days were excluded.

If the number of days drugs were prescribed for at discharge was 
recorded as 1 day, it was imputed with the number of days until the 
date of next fill, with a maximum of 30 days. This is because the 
prescription period for drugs filled at discharge in the database used 
may have been registered as 1 days’ worth of prescription, which does 
not reflect the actual intended duration of treatment. As this process 

could be confounding, hospitalization prescription was added as an 
explanatory variable in the multivariate analysis.

Subgroup analyses were also conducted using the explanatory 
variables in the multivariate analysis. We also assessed management 
fees for guidance on intractable outpatient diseases during the 
follow-up period as a proxy for identifying patients with severe PD.

2.4 Statistical methods

Descriptive statistics were used to summarize patient demographic 
and clinical characteristics. The frequency and proportion of patients 
who continued treatment for 1 year per cohort and who achieved 
good treatment adherence (PDC ≥80%) were calculated. The duration 
of treatment and PDC were summarized using quartiles, minimum, 
and maximum values. In addition, Kaplan–Meier curves were plotted 
using the treatment discontinuation as an event to visualize changes 
in treatment persistence over time. To explore factors associated with 
1-year treatment persistence and good treatment adherence (PDC 
≥80%), multivariate analyses were conducted in the all-drugs cohort 
using a modified Poisson regression model (16). This study was 
descriptive in nature; no statistical tests for comparisons between 
drugs were performed. The confidence interval (CI) was calculated 
using a 95% confidence level.

A sensitivity analysis was conducted to evaluate the robustness of 
the study results. For sensitivity analysis 1, the threshold for the gap 
period to determine persistent status was changed from 30 days to 
15 days, and the same analysis as the primary analysis was performed. 
For sensitivity analysis 2, the exposure washout window for the 
treatment included in inclusion criterion 3 was changed to the period 
from the beginning of data extraction (December 1, 2019) to the day 
before the cohort entry date, and the same analysis as the primary 
analysis was performed. For sensitivity analysis 3, we referred to the 
constant follow-up period rather than the persistent treatment period 
to calculate the denominator in the PDC, and the PDC was computed 
as the number of days in the covered period/number of days from the 
first filling day to the day before the start of the last covered period 
within the follow-up period. For sensitivity analysis 4, an analysis similar 
to the treatment adherence analysis was performed using the medication 
position ratio (MPR) instead of the PDC. MPR was defined as the total 
number of prescription days from the first filling day to the day before 
the start of the last covered period within the follow-up period/number 
of days from the first filling day to the day before the start of the last 
covered period within the follow-up period (15), and could be >1.0. 
Sensitivity analyses 3 and 4 were conducted as post hoc analyses.

R version 4.3.1 (R Foundation for Statistical Computing, Vienna, 
Austria) was used for multivariate analysis and plotting Kaplan–Meier 
curves. All other statistical analysis was performed using Python 
version 3.10.13 (Python Software Foundation, Wilmington, 
Delaware, US).

3 Results

3.1 Patient characteristics

In total, 7,605 patients were included in this analysis. The 
background characteristics of the study population are summarized 
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in Table 1 and Supplementary Table 3. In the all-drugs cohort, the 
mean ± standard deviation (SD) age was 77.2 ± 7.0 years, 3,318/7,605 
(43.6%) patients were male, the median (interquartile range [IQR]) 
levodopa equivalent dose was 450.0 (300.0–650.0) mg, and the 
proportions of patients prescribed 1, 2, and ≥ 3 anti-PD drugs were 
46.9% (3,564/7,605), 27.5% (2,095/7,605), and 25.6% (1,946/7,605), 
respectively. Most background characteristics of the drug-specific 
cohorts were similar. However, the mean number of concomitant 
anti-PD drugs (ranging from 1.6 to 2.8) and median levodopa 
equivalent dose differed from cohort to cohort (ranging from 300 to 
685 mg).

The numbers of patients in each drug-specific cohort were: 
pramipexole (immediate-release tablet), 329; pramipexole 
(sustained-release tablet), 345; ropinirole (immediate-release 
tablet), 52; ropinirole (sustained-release tablet), 429; ropinirole 
(transdermal patch), 1,358; rotigotine, 867; selegiline, 425; 
rasagiline, 932; safinamide, 876; entacapone, 635; opicapone, 920; 
trihexyphenidyl, 200; biperiden, 7; droxidopa, 574; amantadine, 
459; istradefylline, 452; and zonisamide, 850 
(Supplementary Table 4).

3.2 Persistence

The persistence of anti-PD drugs in the all-drugs cohort and drug-
specific cohorts are shown in Table 2, and Kaplan–Meier plots of 
treatment persistence for anti-PD drugs are shown in Figure 1. In 
most cohorts, treatment persistence rates tended to rapidly decrease 
within the first 90 days, and tended to gradually decrease thereafter. 
In the all-drugs cohort, the 1-year treatment persistence rate was 
44.8% (3,410/7,605), with a median (IQR) persistent treatment period 
of 270.0 (56.0–365.0) days. Across the 17 drug-specific cohorts, the 
1-year treatment persistence rates ranged from 28.6% (biperiden 
cohort) to 59.5% (zonisamide cohort), with median persistent 
treatment periods ranging from 79.0 to 365.0 days (IQRs 28.0–
365.0 days). More than half of the patients on zonisamide (59.5%), 
safinamide (55.8%), droxidopa (55.6%), pramipexole (sustained-
release tablet; 53.9%), ropinirole (transdermal patch; 53.9%), 
opicapone (52.7%), rasagiline (51.9%), and amantadine (51.0%) 
continued treatment for 1 year without experiencing a 30-day gap 
period (Table 2).

The subgroup analysis of persistence of anti-PD drugs is shown in 
Supplementary Table 5. The trends regarding differences in persistence 
rates by drug were similar across the subgroups. In particular, 
differences between drugs were more apparent in the levodopa 
≥400 mg subgroup, the subgroup with concomitant anti-PD 
medications, and the subgroup with hospitalization during the 
follow-up period.

Table 3 shows the factors associated with persistence of anti-PD 
drugs in the all-drugs cohort. Age (risk ratio [RR] 0.99, 95% CI 0.99–
1.00; p = 0.008), male sex (RR 1.07, 95% CI 1.02–1.12; p = 0.008), 
number of anti-PD drugs filled (RR 0.85 per 1 unit increase, 95% CI 
0.81–0.88; p < 0.001), number of concomitant drugs filled (RR 1.01 
per 1 unit increase, 95% CI 1.00–1.02; p = 0.030), prescriptions of 
anti-PD drugs during hospitalization (RR 0.75, 95% CI 0.69–0.81; 
p < 0.001), and depression (RR 0.90, 95% CI 0.84–0.98; p = 0.010) 
were found to be significantly associated with persistence of anti-PD 
drugs in the all-drugs cohort.

3.3 Adherence

The results of PDC of anti-PD drugs to the last fill date in the 
persistent treatment period are shown in Table 4. The proportions of 
patients with PDC ≥80% (good treatment adherence) were 96.9% 
(5,152/5,318) in the all-drugs cohort and ≥ 90% (ranging from 90.0 
to 100.0%) in each drug-specific cohort. In the subgroups analyzed, 
the proportion of patients with good treatment adherence ranged 
from 71.4 to 100.0% (Supplementary Table 6).

TABLE 1 Patient demographic and clinical characteristics.

Characteristics Overall
n = 7,605

Age, years, mean ± SD 77.2 ± 7.0

Male, n (%) 3,318 (43.6)

Daily levodopa dose, mg, median (IQR)a 300.0 (300.0–450.0)

Daily levodopa equivalent dose, mg, median (IQR)a 450.0 (300.0–650.0)

Number of anti-PD drugs, mean ± SD 1.9 ± 1.1

  1, n (%) 3,564 (46.9)

  2, n (%) 2095 (27.5)

   ≥ 3, n (%) 1946 (25.6)

Anti-PD drugs filled, n (%)

  Ergot dopamine agonists 91 (1.2)

  Non-ergot dopamine agonists 4,422 (58.1)

  Monoamine oxidase B inhibitors 3,167 (41.6)

  Catechol-O-methyltransferase inhibitors 1,605 (21.1)

  Anticholinergics 445 (5.9)

  Others 3,546 (46.6)

Number of concomitant drugs other than anti-PD 

drugs, mean ± SD
5.2 ± 3.1

Charlson Comorbidity Index, mean ± SD 2.0 ± 1.9

Comorbidities, n (%)

  Depression 1,087 (14.3)

  Insomnia 2,951 (38.8)

  Dementia 1,478 (19.4)

  Type 2 diabetes 2,531 (33.3)

  Hypertension 4,428 (58.2)

  Liver failure 1,185 (15.6)

  Renal failure 424 (5.6)

  Constipation 5,650 (74.3)

  Pain 2,695 (35.4)

Deep brain stimulation, n (%) 98 (1.3)

Levodopa injection, n (%) 6 (0.1)

Hospitalization in persistent treatment period, n (%) 1,172 (15.4)

Claims of management fee for intractable diseases in 

persistent treatment period, n (%)
4,697 (61.8)

aDaily levodopa dose and daily levodopa equivalent dose were calculated for patients with no 
records of levodopa injection and deep brain stimulation in the baseline period. Daily 
levodopa equivalent dose was calculated excluding target anti-PD drugs newly filled at 
cohort entry date in each cohort.
IQR, interquartile range; PD, Parkinson’s disease; SD, standard deviation.
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Table 5 shows the factors associated with adherence to anti-PD 
drugs in the all-drugs cohort. The number of anti-PD drugs filled (RR 
0.99 per 1 unit increase, 95% CI 0.98–1.00; p = 0.010), number of 
concomitant drugs filled (RR 1.00 per 1 unit increase, 95% CI 1.00–
1.00; p = 0.032), and prescriptions of anti-PD drugs during 
hospitalization (RR 0.91, 95% CI 0.89–0.93; p < 0.001) were found to 
be significantly associated with adherence to anti-PD drugs in the 
all-drugs cohort.

The results of the sensitivity analysis were broadly similar to those 
of the primary analysis (Supplementary Tables 7–10). High adherence 
was observed for each drug, regardless of the calculation method used 
(PDC ≥80%: sensitivity analysis 1, 92.0–100.0%; sensitivity analysis 2, 
91.3–100.0%; sensitivity analysis 3, 75.8–100.0%; sensitivity analysis 
4, 75.8–100.0%) (Supplementary Tables 8–10).

4 Discussion

This longitudinal descriptive epidemiological study analyzed 
treatment persistence rates and adherence to drug treatment in 
Japanese patients with PD and examined the relationship between 
treatment adherence and comorbidities and polypharmacy during 
treatment. This study established a cohort for each drug, and to the 
best of our knowledge, this is the first study to examine persistence 

rates and adherence to levodopa adjunct medication in Japanese 
patients with PD.

In this study, persistence rates and adherence to anti-PD drugs 
used in combination with levodopa were analyzed using a Japanese 
health insurance claims database, mainly among the elderly. While 
most previous studies have used hospital databases or corporate health 
insurance databases, this study includes both hospital and clinic data, 
which we consider reflects a more representative real-world treatment 
landscape. We found that the most common new adjuncts to levodopa 
initiated by elderly Japanese patients with PD during this period were 
the ropinirole transdermal patch, followed by rasagiline, opicapone, 
safinamide, and rotigotine. The use of anticholinergics and dopamine 
agonist immediate-release tablets as adjuncts to levodopa was rare. 
The prescribing picture was similar to that reported previously in 
Japan (8).

Overall, more than half of the new anti-PD drugs added to 
levodopa were discontinued within a year in elderly patients with PD 
in Japan, and more than half of the patients on zonisamide (59.5%), 
safinamide (55.8%), droxidopa (55.6%), pramipexole (sustained-
release tablet; 53.9%), ropinirole (transdermal patch; 53.9%), 
opicapone (52.7%), rasagiline (51.9%), and amantadine (51.0%) 
continued treatment for 1 year without experiencing a 30-day gap 
period. Adherence was extremely high (>90%) regardless of the 
anti-PD drug used.

TABLE 2 Persistence of anti-PD drug treatment.

Treatment n Persistent 
patients, n (%)

Persistent treatment period (days)

Min Q1 Median Q3 Max

All drugs 7,605 3,410 (44.8) 1.0 56.0 270.0 365.0 365.0

Non-ergot dopamine agonists

  Pramipexole (immediate-release tablet) 329 128 (38.9) 1.0 28.0 126.0 365.0 365.0

  Pramipexole (sustained-release tablet) 345 186 (53.9) 1.0 91.0 365.0 365.0 365.0

  Ropinirole (immediate-release tablet) 52 17 (32.7) 1.0 28.0 79.0 365.0 365.0

  Ropinirole (sustained-release tablet) 429 210 (49.0) 1.0 70.0 350.0 365.0 365.0

  Ropinirole (transdermal patch) 1,358 732 (53.9) 1.0 90.0 365.0 365.0 365.0

  Rotigotine (transdermal patch) 867 363 (41.9) 1.0 56.0 225.0 365.0 365.0

Monoamine oxidase B inhibitors

  Selegiline 425 210 (49.4) 1.0 60.0 346.0 365.0 365.0

  Rasagiline 932 484 (51.9) 2.0 63.0 365.0 365.0 365.0

  Safinamide 876 489 (55.8) 7.0 77.0 365.0 365.0 365.0

Catechol-O-methyltransferase inhibitors

  Entacapone 635 234 (36.9) 1.0 35.0 159.0 365.0 365.0

  Opicapone 920 485 (52.7) 1.0 59.8 365.0 365.0 365.0

Anticholinergics

  Trihexyphenidyl 200 75 (37.5) 1.0 35.0 143.5 365.0 365.0

  Biperiden 7 2 (28.6) 28.0 38.5 81.0 263.0 365.0

Others

  Droxidopa 574 319 (55.6) 1.0 84.0 365.0 365.0 365.0

  Amantadine 459 234 (51.0) 1.0 62.5 365.0 365.0 365.0

  Istradefylline 452 223 (49.3) 3.0 64.0 363.0 365.0 365.0

  Zonisamide 850 506 (59.5) 2.0 98.3 365.0 365.0 365.0

Q, quartile; PD, Parkinson’s disease.
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The persistence rates of anti-PD drug treatments in previous 
studies outside Japan vary (17–21), which may be partly because 
of differences in the medical history of the target patients and 
different definitions of treatment persistence. In a previous US 
database study of patients with PD, 17.2% of all patients continued 
treatment for 1 year, and persistence was significantly greater in 
patients who had received prior PD therapy than those who were 
naive to PD therapy (150.5 vs. 122.7 days, respectively; p < 0.001) 
(17). Higher persistence rates may have been observed in this 
study because patients with prior PD therapy have a longer 
duration of continued treatment. By comparison, in a previous 
Japanese study the 1-year persistence rate for type 2 diabetes 
medication was 68.0–74.8% (22) and a Japanese database analysis 
suggested that persistence rates for hyperlipidemia medications 
were lower in untreated patients (45.0%) than in previously 
treated patients (77.5%) (23). Although treatment persistence was 
lower in this study compared with studies of other chronic 
diseases, the effect of the treatment regimens on treatment 
persistence was consistent between the studies.

In the multivariate analysis, the factor most strongly associated 
with non-persistence was the number of concomitant anti-PD drugs, 
with the exception of inpatient prescriptions. A previous study also 
showed that the duration of the same treatment regimen is shorter in 
the later line (21). In the subpopulation of patients taking concomitant 
anti-PD drugs other than levodopa, differences in persistence rates 
between drugs were more apparent, with drugs such as zonisamide 
and safinamide having higher persistence rates. In patients with more 
advanced PD, the requirement for multiple anti-PD drugs suggests a 
greater need for short-term drug adjustment, possibly leading to drug 
discontinuation. The frequency of side effects requiring drug 
discontinuation in patients with more advanced disease states, along 
with the effect of wearing-off, may have influenced this trend. 
Zonisamide and safinamide were less likely to cause side effects 
leading to discontinuation and may have been more likely to be chosen 
for continuation, particularly in situations where drug adjustments 
were necessary. Indeed, these drugs are relatively well tolerated based 
on network meta-analyses of clinical trials (24, 25). Our treatment 
persistence results suggest that zonisamide, safinamide, and opicapone 

FIGURE 1

Kaplan–Meier plots of treatment persistence for anti-PD drugs: (a) non-ergot dopamine agonists, (b) monoamine oxidase B inhibitors, (c) catechol-O-
methyltransferase inhibitors, (d) anticholinergics, and (e) others. IRT, immediate-release tablet; PD, Parkinson’s disease; SRT, sustained-release tablet; 
TDP, transdermal patch.
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were better balanced than other drugs in the same class in terms of 
efficacy and safety. Another reason might be  the number of daily 
doses, as within each drug class (dopamine agonists, catechol-O-
methyltransferase inhibitors, and monoamine oxidase B inhibitors), 
drugs with a once-daily dosing frequency had higher persistence rates 
than drugs that could be dosed more than once a day. The results show 
that the persistence rates of zonisamide and safinamide remain high 
due to their clinical benefits, despite these drugs being among the 
most expensive in Japan. This suggests that the influence of the cost of 
medications may be relatively small compared with other factors in 
this study.

In the present study, the comorbidity of depression was also 
associated with non-persistence (Table 3). One possible explanation 
is that depression was a barrier to regular visiting behavior, as such 
symptoms are recognized to impact on the self-management of 
chronic illnesses (26, 27), including PD (28). Another factor that may 
inhibit the realization of stable treatment may be the narrowing of 
treatment options for PD in patients with depression, as the 
concomitant use of monoamine oxidase B inhibitors, one of the major 
anti-PD drug classes, with antidepressants is contraindicated in such 
patients. Other factors found to be associated with non-persistence in 
the present study were older age and female sex (Table 3). It is assumed 
that older PD patients had a faster disease progression (29) and 
women have a higher risk of developing motor fluctuations and 
dyskinesia (30). Additionally, in general, elderly patients are more 
prone to drug-related side effects because of impaired liver and kidney 
function. Therefore, these patients may be more likely to require a 
drug change.

While treatment adherence to treatment with anti-PD drugs 
was extremely high in the present study, we  conducted an 
exploratory analysis of factors associated with poor adherence, 
which has been identified as a challenge for PD treatment in 
previous international studies (31–33). A review of clinical studies 

involving non-Japanese patients with PD found a maximum 
non-adherence rate of 67% (5). However, in a recent retrospective 
cohort study in the US, the median PDC ranged from 85.7 to 91.2% 
(21). In contrast, the present study showed more favorable results, 
as the proportion of patients with good treatment adherence (PDC 
≥80%) was approximately 96.9%, and the median PDC for all drugs 
was 99.7%. One possible reason for the discrepancies between the 
present study results and previous studies may be the difference in 
adherence measures. However, as in several other studies, PDC and 
MPR were also calculated with the denominator being the last fill 
date in the follow-up period, and adherence was still very high 
(Supplementary Tables 9, 10). Other reasons may be differences in 
study design, patient background characteristics, and cultural 
differences. The present study generally reflects the current situation 
of Japanese patients with PD better than other patient surveys in 
terms of average patient age (3) and medical facilities, because the 
claims database that is mainly used in Japanese studies does not 
include data on prescriptions for the elderly and clinics. Another 
possible explanation is that adherence is higher for drugs used after 
other treatments than for drugs used for the first time to treat the 
disease, as has been frequently observed in a previous study (17). 
This study included drugs used after the initiation of oral levodopa 
therapy, and it is assumed that adherence was higher than in 
analyses covering drugs from all lines of therapy. For patients who 
have already been taking levodopa multiple times a day, taking 
levodopa adjunct drugs (often taken once a day) is not considered 
burdensome. Such patients are also less likely to drop out as a result 
of dopaminergic side effects because most levodopa adjunct drugs 
exert dopaminergic effects. In Japan, the proportion of patients 
with good adherence (PDC ≥80%) to other chronic disease 
medications was 80–90% (34–38). In comparison, adherence to 
anti-PD drugs in this study was high, possibly because, unlike other 
chronic diseases, PD substantially affects daily life because of the 

TABLE 3 Factors associated with persistence of anti-PD drugs in the all-drugs cohort.

Persistent patients
n = 3,369

Non-persistent patients
n = 4,132

Risk ratio (95% CI) p-value

Age, years, mean ± SD 77.2 ± 6.8 77.4 ± 7.0 0.99 (0.99–1.00) 0.008

Sex, n (%)

  Male 1,531 (45.4) 1740 (42.1) 1.07 (1.02–1.12) 0.008

  Female 1838 (54.6) 2,392 (57.9) reference

Number of drugs filled, mean ± SD

  Anti-PD drugs 1.8 ± 1.0 2.0 ± 1.2 0.85 (0.81–0.88) <0.001

  Concomitant drugs 5.2 ± 3.1 5.2 ± 3.1 1.01 (1.00–1.02) 0.030

Daily levodopa dose at day 0, mg, median (IQR)

  Levodopa 300.0 (300.0–450.0) 350.0 (300.0–500.0) 0.98 (0.96–1.00) 0.120

  LED of all anti-PD drugs 400.0 (300.0–600.0) 450.0 (300.0–699.0) 1.01 (1.00–1.03) 0.139

Prescriptions of anti-PD drugs during 

hospitalization, n (%) 393 (11.7) 747 (18.1) 0.75 (0.69–0.81) <0.001

Comorbidities, n (%)

  Depression 441 (13.1) 628 (15.2) 0.90 (0.84–0.98) 0.010

  Dementia 638 (18.9) 821 (19.9) 0.99 (0.93–1.06) 0.731

  Liver failure/renal failure 640 (19.0) 827 (20.0) 0.94 (0.89–1.01) 0.082

CI, confidence interval; IQR, interquartile range; LED, levodopa equivalent dose; PD, Parkinson’s disease; SD, standard deviation.
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TABLE 5 Factors associated with adherence to anti-PD drugs (PDC) in the all-drugs cohort.

Variable PDC ≥ 80%
n = 5,083

PDC < 80%
n = 163

Risk ratio (95% 
CI)

p-value

Age, years, mean ± SD 77.3 ± 6.8 77.7 ± 7.0 1.00 (1.00–1.00) 0.925

Sex

  Male 2,283 (44.9) 77 (47.2) 1.00 (0.99–1.01) 0.667

  Female 2,800 (55.1) 86 (52.8) reference

Number of drugs filled, mean ± SD

  Anti-PD drugs 1.9 ± 1.1 2.1 ± 1.2 0.99 (0.98–1.00) 0.010

  Concomitant drugs 5.3 ± 3.1 4.8 ± 3.3 1.00 (1.00–1.00) 0.032

Daily levodopa dose at day 0, mg, median (IQR)

  Levodopa 300.0 (300.0–450.0) 400.0 (300.0–525.0) 1.00 (0.99–1.00) 0.198

  LED of all anti-PD drugs 420.0 (300.0–632.0) 500.0 (300.0–707.5) 1.00 (1.00–1.01) 0.252

Prescriptions of anti-PD drugs during hospitalization, n (%) 865 (17.0) 105 (64.4) 0.91 (0.89–0.93) <0.001

Comorbidities, n (%)

  Depression 694 (13.7) 30 (18.4) 0.99 (0.97–1.00) 0.136

  Dementia 1,005 (19.8) 48 (29.4) 0.99 (0.97–1.00) 0.100

  Liver failure/renal failure 989 (19.5) 30 (18.4) 1.00 (0.99–1.01) 0.730

CI, confidence interval; IQR, interquartile range; LED, levodopa equivalent dose; PD, Parkinson’s disease; PDC, proportion of days covered; SD, standard deviation.

TABLE 4 PDC of anti-PD drug treatment to the last fill date in the persistent treatment period.

Treatment n PDC ≥ 80%, n (%) PDC, %

Min Q1 Median Q3 Max

All drugs 5,318 5,152 (96.9) 7.1 96.0 99.7 100.0 100.0

Non-ergot dopamine agonists

  Pramipexole (immediate-release tablet) 227 207 (91.2) 12.5 94.0 99.1 100.0 100.0

  Pramipexole (sustained-release tablet) 262 249 (95.0) 17.6 96.5 99.7 100.0 100.0

  Ropinirole (immediate-release tablet) 30 27 (90.0) 7.1 95.2 98.9 100.0 100.0

  Ropinirole (sustained-release tablet) 325 313 (96.3) 20.8 97.6 100.0 100.0 100.0

  Ropinirole (transdermal patch) 1,015 1,007 (99.2) 54.0 97.4 100.0 100.0 100.0

  Rotigotine (transdermal patch) 585 577 (98.6) 51.6 96.7 99.7 100.0 100.0

Monoamine oxidase B inhibitors

  Selegiline 304 299 (98.4) 45.7 96.4 99.7 100.0 100.0

  Rasagiline 655 644 (98.3) 14.3 97.6 100.0 100.0 100.0

  Safinamide 642 630 (98.1) 36.4 96.1 99.7 100.0 100.0

Catechol-O-methyltransferase inhibitors

  Entacapone 421 384 (91.2) 10.8 95.0 99.7 100.0 100.0

  Opicapone 656 632 (96.3) 44.4 95.5 99.2 100.0 100.0

Anticholinergics

  Trihexyphenidyl 119 116 (97.5) 53.6 94.9 99.4 100.0 100.0

  Biperiden 4 4 (100.0) 97.0 97.1 98.6 100.0 100.0

Others

  Droxidopa 445 436 (98.0) 17.5 95.8 99.7 100.0 100.0

  Amantadine 337 329 (97.6) 21.4 96.4 100.0 100.0 100.0

  Istradefylline 319 314 (98.4) 41.4 97.8 100.0 100.0 100.0

  Zonisamide 650 642 (98.8) 35.5 97.7 100.0 100.0 100.0

PD, Parkinson’s disease; PDC, proportion of days covered; Q, quartile.
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occurrence of motor symptoms and wearing-off. Accordingly, poor 
adherence has a notable negative impact on daily life for people 
with PD, and this may be  one reason for the high level of 
adherence. Furthermore, this study analyzed prescription data 
and evaluated adherence to treatment rather than adherence to 
medication. Some patients who regularly visit the hospital may 
receive a certain amount of prescription medications despite 
having residual medications at home, which may lead to 
overestimation of medication adherence.

In a previous longitudinal Japanese study evaluating treatment 
adherence to istradefylline in patients with PD, factors associated with 
the likelihood of lower adherence were the use of fewer anti-PD drugs, 
higher prevalence of anxiety/mood disorders, and higher prevalence 
of mild cognitive impairment/dementia (9). Similar to the previous 
Japanese study, in the present study, the number of prescriptions for 
anti-PD drugs was identified as a factor associated with poor 
adherence, but the effect was minor. Factors identified in previous 
studies such as older age, cognitive decline, depression, and treatment 
complexity due to comorbidity treatment (5, 7, 9) did not show 
statistically significant associations in the present study. As for the lack 
of impact of cognitive decline, given that many of the participants in 
this study were elderly, it is possible that family members or caregivers 
managed their medications. However, information on caregiving 
practices is unavailable in the Japanese health insurance claims 
database that we used. Statistical power may have been insufficient 
owing to the small number of non-adherent patients.

The present study has some limitations. It was based on a claims 
database and could not assess whether the patient actually took the 
prescribed treatment. For drugs that require titration, the lack of 
information regarding specific dosing instructions is a limitation. 
Additionally, no information was provided about patients’ clinical 
symptoms, the severity of PD, the presence of motor fluctuations (e.g., 
wearing-off, dyskinesia), cognitive function status, changes in these 
items after starting to use index drugs, the duration of the disease, drug 
side effects, medication management by caregivers, changes in 
concomitant medications after starting the index drug, or reasons for 
discontinuation of treatment, which may lead to confounding. Claims 
data could also be subject to bias related to data entry and processing. 
Specifically, the lack of validation studies for PD diagnosis represents a 
potential limitation. Furthermore, the number of prescription days at 
discharge was supplemented. Although the presence or absence of 
inpatient prescriptions was identified as a factor associated with 
persistence rates and adherence, the above supplementation process 
may have influenced the persistence and adherence in patients who 
experienced hospitalization. Owing to the lack of adjustments for 
patient background characteristics leading to confounding and 
limitations of the database, statistical comparisons between drug 
cohorts were not possible. The study followed patients for 1 year. Side 
effects such as dopamine dysregulation syndrome appear with a long-
term administration, and a study with a longer observation period is 
required to address this. Lastly, it should be  noted that this study 
included anti-PD drugs such as zonisamide and droxidopa, which have 
received regulatory approval for the treatment of PD only in Japan.

In conclusion, in Japanese patients with PD, more than half of the 
new anti-PD drugs added to levodopa were discontinued within 
1-year, and adherence to treatment assessed by filling records was 
shown to be extremely high. Treatment persistence varied by drug, 
with zonisamide and safinamide having relatively high rates. The 
number of concomitant anti-PD drugs was strongly associated with 

treatment persistence for anti-PD drugs. However, this study was 
based on claims data, so it may not accurately reflect patients’ actual 
dosing status, and further research is needed to validate these findings.

Data availability statement

The data analyzed in this study was obtained from IQVIA 
Solutions Japan G.K., but were used under license for the current 
study; therefore, restrictions apply and the data are not publicly 
available. The original contributions presented in the study are 
included in the article/Supplementary material, further inquiries can 
be directed to the corresponding author.

Ethics statement

The studies involving humans were approved by the Clinical 
Research Ethics Review Committee of Ehime University Hospital. The 
studies were conducted in accordance with the local legislation and 
institutional requirements. Written informed consent for participation 
from the participants or the participants’ legal guardians/next of kin 
was waived because an anonymized commercial database was used.

Author contributions

MN: Conceptualization, Methodology, Writing – original draft, 
Writing – review & editing. MK: Conceptualization, Investigation, 
Methodology, Writing – original draft, Writing – review & editing. KS: 
Conceptualization, Formal analysis, Methodology, Writing – original 
draft, Writing – review & editing. CK: Formal analysis, Writing – 
original draft, Writing – review & editing. KD: Conceptualization, 
Methodology, Writing – original draft, Writing – review & editing. TI: 
Conceptualization, Methodology, Writing – original draft, Writing – 
review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study was funded by 
Eisai Co., Ltd. Employees of Eisai Co., Ltd.

Acknowledgments

We thank Dr. Keishi Akada of Eisai Co., Ltd., for supervising the 
statistical analyses and Yuki Kogo and Ryosuke Ando of Eisai Co., Ltd., 
for project managing the study. We thank Michelle Belanger, MD, of 
Edanz (www.edanz.com), for providing medical writing support, 
which was funded by Eisai Co., Ltd., in accordance with Good 
Publication Practice guidelines (http://www.ismpp.org/gpp-2022).

Conflict of interest

MN has received consulting fees from Eisai Co., Ltd.; payment or 
honoraria for lectures, presentations, speakers bureaus, manuscript 

https://doi.org/10.3389/fneur.2025.1560431
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://www.edanz.com
http://www.ismpp.org/gpp-2022


Nagai et al. 10.3389/fneur.2025.1560431

Frontiers in Neurology 10 frontiersin.org

writing, or educational events from Eisai Co., Ltd., Takeda 
Pharmaceutical Co., Ltd., and Ono Pharmaceutical Co., Ltd.; and 
grants from H. Lundbeck Japan K.K. MK, KS, CK, KD, and TI are 
employees of Eisai Co., Ltd.

The authors declare that this study received funding from Eisai 
Co., Ltd. Employees of Eisai Co. The funder had the following 
involvement in the study: study design; in the interpretation of data; 
and in the decision to submit the article for publication.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1560431/
full#supplementary-material

References
 1. Palakurthi B, Burugupally SP. Postural instability in Parkinson’s disease: a review. 

Brain Sci. (2019) 9:239. doi: 10.3390/brainsci9090239

 2. World Health Organization. Parkinson disease: a public health approach. Geneva: 
World Health Organization (2022).

 3. Ministry of Health. (2023). Labour and Welfare, 2020 Patient Survey. Available online 
at: (https://www.mhlw.go.jp/toukei/saikin/hw/kanja/10syoubyo/)

 4. Kurihara K, Nakagawa R, Ishido M, Yoshinaga Y, Watanabe J, Hayashi Y, et al. 
Impact of motor and nonmotor symptoms in Parkinson disease for the quality of life: 
the Japanese quality-of-life survey of Parkinson disease (JAQPAD) study. J Neurol Sci. 
(2020) 419:117172. doi: 10.1016/j.jns.2020.117172

 5. Malek N, Grosset DG. Medication adherence in patients with Parkinson's disease. 
CNS Drugs. (2015) 29:47–53. doi: 10.1007/s40263-014-0220-0

 6. Richy FF, Pietri G, Moran KA, Senior E, Makaroff LE. Compliance with 
pharmacotherapy and direct healthcare costs in patients with Parkinson's disease: a 
retrospective claims database analysis. Appl Health Econ Health Policy. (2013) 
11:395–406. doi: 10.1007/s40258-013-0033-1

 7. Straka I, Minár M, Gažová A, Valkovič P, Kyselovič J. Clinical aspects of adherence 
to pharmacotherapy in Parkinson disease: a PRISMA-compliant systematic review. 
Medicine. (2018) 97:e10962. doi: 10.1097/MD.0000000000010962

 8. Seki M, Kawata Y, Hayashi A, Arai M, Fujimoto S. Prescribing patterns and 
determinants for elderly patients with Parkinson's disease in Japan: a retrospective 
observational study using insurance claims databases. Front Neurol. (2023) 14:1162016. 
doi: 10.3389/fneur.2023.1162016

 9. Fukasawa T, Nakanishi E, Shimoda H, Shinoda K, Ito S, Asada S, et al. Adherence 
to istradefylline in patients with Parkinson's disease: a group-based trajectory analysis. 
J Neurol Sci. (2024) 462:123092. doi: 10.1016/j.jns.2024.123092

 10. Ministry of Health, Labour and Welfare. (2025). The elderly healthcare system in 
Japan. Available from: (https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_
iryou/iryouhoken/koukikourei/index.html)

 11. The Japanese Society of Neurology. Parkinson's disease clinical practice guidelines 
2018. Tokyo, Japan: Igaku Shoin (2018).

 12. Narabayashi H, Nakanishi T, Kanazawa I, Yoshida M, Mizuno M, Yanagisawa N, 
et al. Clinical effects of L-threo-3,4-Dihydroxyphenylserine in Parkinson’s disease and 
parkinsonian syndrome. Jpn. Pharmacol. Ther. (1987) 15:411–43. (In Japanese)

 13. Murata M, Hasegawa K, Kanazawa I, Fukasaka J, Kochi K, Shimazu R. Zonisamide 
improves wearing-off in Parkinson's disease: a randomized, double-blind study. Mov 
Disord. (2015) 30:1343–50. doi: 10.1002/mds.26286

 14. World Health Organisation. International statistical classification of diseases and 
related health problems 10th revision. 2019. Available online at: (https://icd.who.int/
browse10/2019/en)

 15. Loucks J, Zuckerman AD, Berni A, Saulles A, Thomas G, Alonzo A. Proportion of 
days covered as a measure of medication adherence. Am J Health Syst Pharm. (2022) 
79:492–6. doi: 10.1093/ajhp/zxab392

 16. Zou G. A modified poisson regression approach to prospective studies with binary 
data. Am J Epidemiol. (2004) 159:702–6. doi: 10.1093/aje/kwh090

 17. Tarrants ML, Denarié MF, Castelli-Haley J, Millard J, Zhang D. Drug therapies for 
Parkinson's disease: a database analysis of patient compliance and persistence. Am J 
Geriatr Pharmacother. (2010) 8:374–83. doi: 10.1016/j.amjopharm.2010.08.001

 18. Johnsrud M, Richards K, Arcona S, Sasané R, Leoni M. An assessment of 
Parkinson's disease medication treatment patterns in the Medicaid population. Clin Park 
Relat Disord. (2021) 5:100109. doi: 10.1016/j.prdoa.2021.100109

 19. Arbouw ME, Movig KL, Guchelaar HJ, Poels PJ, van Vugt JP, Neef C, et al. 
Discontinuation of ropinirole and pramipexole in patients with Parkinson's disease: 
clinical practice versus clinical trials. Eur J Clin Pharmacol. (2008) 64:1021–6. doi: 
10.1007/s00228-008-0518-2

 20. Wei YJ, Palumbo FB, Simoni-Wastila L, Shulman LM, Stuart B, Beardsley R, et al. 
Antiparkinson drug use and adherence in medicare part D beneficiaries with Parkinson’s 
disease. Clin Ther. (2013) 35:1513–25.e1. doi: 10.1016/j.clinthera.2013.09.001

 21. Song Y, Jian-Yu E, Guo T, Sasane R, Arcona S, Keshava N, et al. Treatment patterns 
and healthcare resource use in medicare beneficiaries with Parkinson’s disease. 
Clinicoecon Outcomes Res. (2023) 15:631–43. doi: 10.2147/CEOR.S422023

 22. Miwa T, Yoshida S, Nakajima A, Koto R, Nishimura R. Comparison of medication 
persistence and adherence in type 2 diabetes using a once-weekly regimen of DPP-4 
inhibitor compared with once-daily and twice-daily regimens: a retrospective cohort 
study of Japanese health insurance claims data. Diabetol Int. (2024) 15:483–94. doi: 
10.1007/s13340-024-00714-9

 23. Wake M, Onishi Y, Guelfucci F, Oh A, Hiroi S, Shimasaki Y, et al. Treatment 
patterns in hyperlipidaemia patients based on administrative claim databases in Japan. 
Atherosclerosis. (2018) 272:145–52. doi: 10.1016/j.atherosclerosis.2018.03.023

 24. Yan R, Cai H, Cui Y, Su D, Cai G, Lin F, et al. Comparative efficacy and safety of 
monoamine oxidase type B inhibitors plus channel blockers and monoamine oxidase 
type B inhibitors as adjuvant therapy to levodopa in the treatment of Parkinson's disease: 
a network meta-analysis of randomized controlled trials. Eur J Neurol. (2023) 
30:1118–34. doi: 10.1111/ene.15651

 25. Sako W, Kogo Y, Koebis M, Kita Y, Yamakage H, Ishida T, et al. Comparative 
efficacy and safety of adjunctive drugs to levodopa for fluctuating Parkinson's disease - 
network meta-analysis. NPJ Parkinsons Dis. (2023) 9:143. doi: 
10.1038/s41531-023-00589-8

 26. Jerant AF, von Friederichs-Fitzwater MM, Moore M. Patients’ perceived barriers 
to active self-management of chronic conditions. Patient Educ Couns. (2005) 57:300–7. 
doi: 10.1016/j.pec.2004.08.004

 27. Bayliss EA, Steiner JF, Fernald DH, Crane LA, Main DS. Descriptions of barriers 
to self-care by persons with comorbid chronic diseases. Ann Fam Med. (2003) 1:15–21. 
doi: 10.1370/afm.4

 28. Lim KE, Kim SR, Sung YH, Oh SY, Kim MS, Chung SJ. Factors influencing self-
management in Parkinson's disease: a cross-sectional study. Geriatr Nurs. (2020) 
41:254–60. doi: 10.1016/j.gerinurse.2019.10.005

 29. Levy G. The relationship of Parkinson disease with aging. Arch Neurol. (2007) 
64:1242–6. doi: 10.1001/archneur.64.9.1242

 30. Picillo M, Nicoletti A, Fetoni V, Garavaglia B, Barone P, Pellecchia MT. The 
relevance of gender in Parkinson’s disease: a review. J Neurol. (2017) 264:1583–607. doi: 
10.1007/s00415-016-8384-9

 31. Grosset KA, Bone I, Grosset DG. Suboptimal medication adherence in Parkinson’s 
disease. Mov Disord. (2005) 20:1502–7. doi: 10.1002/mds.20602

 32. Shin JY, Habermann B, Pretzer-Aboff I. Challenges and strategies of medication 
adherence in Parkinson’s disease: a qualitative study. Geriatr Nurs. (2015) 36:192–6. doi: 
10.1016/j.gerinurse.2015.01.003

 33. Castro GS, Aguilar-Alvarado CM, Zúñiga-Ramírez C, Sáenz-Farret M, Otero-
Cerdeira E, Serrano-Dueñas M, et al. Adherence to treatment in Parkinson's disease: a 
multicenter exploratory study with patients from six Latin American countries. 
Parkinsonism Relat Disord. (2021) 93:1–7. doi: 10.1016/j.parkreldis.2021.10.028

 34. Oh A, Kisanuki K, Nishigaki N, Shimasaki Y, Sakaguchi K, Morimoto T. 
Comparison of persistence and adherence between DPP-4 inhibitor administration 

https://doi.org/10.3389/fneur.2025.1560431
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2025.1560431/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2025.1560431/full#supplementary-material
https://doi.org/10.3390/brainsci9090239
https://www.mhlw.go.jp/toukei/saikin/hw/kanja/10syoubyo/
https://doi.org/10.1016/j.jns.2020.117172
https://doi.org/10.1007/s40263-014-0220-0
https://doi.org/10.1007/s40258-013-0033-1
https://doi.org/10.1097/MD.0000000000010962
https://doi.org/10.3389/fneur.2023.1162016
https://doi.org/10.1016/j.jns.2024.123092
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/iryouhoken/koukikourei/index.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/iryouhoken/koukikourei/index.html
https://doi.org/10.1002/mds.26286
https://icd.who.int/browse10/2019/en
https://icd.who.int/browse10/2019/en
https://doi.org/10.1093/ajhp/zxab392
https://doi.org/10.1093/aje/kwh090
https://doi.org/10.1016/j.amjopharm.2010.08.001
https://doi.org/10.1016/j.prdoa.2021.100109
https://doi.org/10.1007/s00228-008-0518-2
https://doi.org/10.1016/j.clinthera.2013.09.001
https://doi.org/10.2147/CEOR.S422023
https://doi.org/10.1007/s13340-024-00714-9
https://doi.org/10.1016/j.atherosclerosis.2018.03.023
https://doi.org/10.1111/ene.15651
https://doi.org/10.1038/s41531-023-00589-8
https://doi.org/10.1016/j.pec.2004.08.004
https://doi.org/10.1370/afm.4
https://doi.org/10.1016/j.gerinurse.2019.10.005
https://doi.org/10.1001/archneur.64.9.1242
https://doi.org/10.1007/s00415-016-8384-9
https://doi.org/10.1002/mds.20602
https://doi.org/10.1016/j.gerinurse.2015.01.003
https://doi.org/10.1016/j.parkreldis.2021.10.028


Nagai et al. 10.3389/fneur.2025.1560431

Frontiers in Neurology 11 frontiersin.org

frequencies in patients with type 2 diabetes mellitus in Japan: a claims-based cohort 
study. Curr Med Res Opin. (2020) 36:387–95. doi: 10.1080/03007995.2019.1699519

 35. Nishimura R, Kato H, Kisanuki K, Oh A, Hiroi S, Onishi Y, et al. Treatment 
patterns, persistence and adherence rates in patients with type 2 diabetes mellitus in 
Japan: a claims-based cohort study. BMJ Open. (2019) 9:e025806. doi: 
10.1136/bmjopen-2018-025806

 36. Wake M, Oh A, Onishi Y, Guelfucci F, Shimasaki Y, Teramoto T. Adherence 
and persistence to hyperlipidemia medications in patients with atherosclerotic 
cardiovascular disease and those with diabetes mellitus based on administrative 

claims data in Japan. Atherosclerosis. (2019) 282:19–28. doi: 
10.1016/j.atherosclerosis.2018.12.026

 37. Ishida T, Oh A, Hiroi S, Shimasaki Y, Nishigaki N, Tsuchihashi T. Treatment 
patterns and adherence to antihypertensive combination therapies in Japan using a 
claims database. Hypertens Res. (2019) 42:249–56. doi: 10.1038/s41440-018-0127-0

 38. Tomida J, Yoshida T, Senda S, Sato T, Nakatsuma A, Iihara N. Statin persistence 
and adherence among older initiators: a nationwide cohort study using the national 
health insurance claims database in Japan. Pharmacoepidemiol Drug Saf. (2023) 
32:873–85. doi: 10.1002/pds.5622

https://doi.org/10.3389/fneur.2025.1560431
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1080/03007995.2019.1699519
https://doi.org/10.1136/bmjopen-2018-025806
https://doi.org/10.1016/j.atherosclerosis.2018.12.026
https://doi.org/10.1038/s41440-018-0127-0
https://doi.org/10.1002/pds.5622

	Persistence and adherence to levodopa adjunct medications in elderly patients with Parkinson’s disease: a retrospective cohort study using a Japanese claims database
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Patients
	2.3 Outcomes
	2.4 Statistical methods

	3 Results
	3.1 Patient characteristics
	3.2 Persistence
	3.3 Adherence

	4 Discussion

	References

