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A B S T R A C T   

Background: Understanding the different patterns of adherence to istradefylline treatment is essential to identi-
fying Parkinson’s disease (PD) patients who might benefit from targeted interventions. 
Objectives: This descriptive study aimed to identify longitudinal istradefylline adherence patterns and to char-
acterize factors associated with them. 
Methods: We identified PD patients aged 21–99 years who initiated istradefylline treatment in a Japanese hospital 
administrative database. Group-based trajectory modeling was used to model the monthly proportion of days 
covered over time to identify distinct 360-day adherence patterns. Factors associated with each adherence 
pattern were assessed using univariable multinomial logistic regression models. 
Results: Of 2088 eligible PD patients, 4 distinct adherence groups were identified: consistently high adherence 
(56.8%); rapidly declining adherence (25.8%); gradually declining adherence (8.5%); and gradually declining 
and then recovering adherence (9.0%). Compared to the consistently high adherence group, the other groups had 
the following characteristics associated with a likelihood of lower adherence: the rapidly declining adherence 
group received fewer dopamine agonists (63.8% vs. 69.4%), monoamine oxidase B (MAO-B) inhibitors (26.8% 
vs. 31.6%), and catechol-O-methyl transferase inhibitors (31.6% vs. 37.0%) and had a higher prevalence of 
anxiety/mood disorders (29.9% vs. 24.6%); the gradually declining adherence group received fewer MAO-B 
inhibitors (22.5% vs. 31.6%) and amantadine (8.4% vs. 16.1%) and had a higher prevalence of mild cognitive 
impairment/dementia (27.0% vs. 18.8%); and the declining and then recovering adherence group had a higher 
prevalence of anxiety/mood disorders (34.2% vs. 24.6%). 
Conclusions: Clinicians should be aware of the heterogeneous patterns of adherence to istradefylline.   

1. Introduction 

Istradefylline is a first-in-class, nondopaminergic adenosine A2A re-
ceptor antagonist indicated as an adjunctive treatment to levodopa- 
containing medications in patients with Parkinson’s disease (PD) expe-
riencing OFF episodes [1]. The drug was first approved in Japan in 2013 
and subsequently in the US in 2019 [1,2]. Istradefylline may offer pa-
tients a different treatment option than dopaminergic agents. Recent 

clinical studies have demonstrated that istradefylline is also effective in 
the treatment of gait disorders [3], postural abnormalities [4], mood 
disorders [5], and daytime sleepiness [6], and reduces levodopa dose 
escalation [7]. 

Maintenance of high adherence is essential to producing the benefits 
of istradefylline. Of note, adherence is not a static concept, but rather a 
dynamic behavior which changes over time [8], as defined by three 
phases: initiation, implementation, and discontinuation [9]. Classifying 
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patient groups based on longitudinal adherence patterns can help un-
derstand heterogeneity in the timing of adherence decrease [10]. To 
date, however, no study has identified specific adherence patterns for 
istradefylline treatment. 

Group-based trajectory modeling (GBTM), which identifies groups 
with similar longitudinal outcome patterns [11,12], is ideal for 
analyzing dynamic medication adherence [10]. By characterizing pa-
tient profiles in each adherence group, clinicians may be able to identify 
patients who could be at higher risk of poor adherence to treatment 
[13]. 

Here, we first performed GBTM to classify longitudinal adherence 
patterns of istradefylline treatment into distinct groups. Next, we iden-
tified factors associated with membership in each adherence group to 
characterize patient profiles. Finally, as an adherence-related perfor-
mance metric, we estimated the probability of continuing istradefylline 
treatment for 3 years, both in the overall population and in sub-
populations stratified by several factors. 

2. Methods 

2.1. Study design and data source 

This longitudinal descriptive study was conducted using a Japanese 
hospital administrative database maintained by Medical Data Vision 
Co., Ltd. for the period April 1, 2008, to May 31, 2019 [14–16]. The 
database covered approximately 28.4 million patients treated at 385 
acute care hospitals throughout Japan as of 2019 and contained infor-
mation on demographic characteristics, inpatient and outpatient di-
agnoses, procedures, and prescriptions [17]. Patients in the database can 
be tracked within the same hospital. This study was approved by the 
Ethics Committee of Kyoto University Graduate School and Faculty of 
Medicine (approval number: R4023). The requirement for informed 
consent was waived in accordance with the Japanese ethical guidelines 
due to the anonymous nature of the data. 

2.2. Study population 

We identified PD patients aged between 21 and 99 years who initi-
ated istradefylline at a dose of either 20 mg or 40 mg once daily. The 
date of first istradefylline prescription was defined as the cohort entry 
date, and was required to be between June 1, 2014, and 450 days before 
the end of data collection at each hospital. The reason for setting the 
inclusion period after June 1, 2014, was that from May 30, 2013, when 
istradefylline was launched, to May 31, 2014, the Japanese Ministry of 
Health, Labour and Welfare allowed prescriptions of the drug for only up 
to 14 days at a time, which would likely affect adherence. All patients 
were required to have had at least one consultation for PD at or within 
30 days before cohort entry, as well as concomitant use of levodopa- 
containing medications at cohort entry. Additionally, they were 
required to have been continuously enrolled in the database for at least 
180 days leading up to cohort entry and to have had two outpatient 
visits within the previous 180 days [18]. Patients were excluded if they 
had been diagnosed with schizophrenia or severe liver disease at or 
before cohort entry. Details of the inclusion and exclusion criteria can be 
found in Fig. S1 and Table S1 [19,20]. 

2.3. Medication adherence 

For each patient, the monthly proportion of days covered (PDC) 
[21], a measure of adherence, was calculated at 30-day intervals during 
the assessment period of up to 360 days from the cohort entry date. This 
360-day assessment period was chosen based on the following three 
considerations: (1) it is one of the most commonly used periods for 
GBTM [22–24]; (2) the finding that persistence for many chronic med-
ications [25], including anti-PD medications [26], most strongly de-
clines in the first year of treatment; and (3) the need to have a sufficient 

number of patients for analysis (the longer the assessment period, the 
fewer the patients included in the analysis). Patients were included in 
the PDC calculation until death, loss to follow-up, or the end of the 360- 
day assessment period, whichever occurred first [27]. When a subse-
quent prescription was issued before the supply from the previous pre-
scription had run out, the overlap was added to the end date of the 
subsequent prescription. 

2.4. Patient characteristics 

Baseline patient characteristics included demographics (age, sex), 
PD treatment duration, calendar year of cohort entry, medication use 
(istradefylline dose, levodopa dose, levodopa equivalent dose [28,29], 
anti-PD medications, antipsychotics), and comorbidities (mild cognitive 
impairment [MCI]/dementia, anxiety/mood disorders, orthostatic hy-
potension). We used PD treatment duration as a proxy measure for PD 
duration since the exact PD duration data were not available; however, 
we noted that only the treatment duration recorded within the same 
hospital after April 2008 was available. A full list of patient character-
istics, their definitions, and the time window for their assessment is 
shown in Table S2. 

2.5. Statistical analysis 

We used GBTM, a specialized application of finite mixture modeling, 
to identify differential longitudinal adherence patterns of istradefylline 
treatment in a two-step process [10–12]. In the first step, we selected the 
optimal number of groups to include in the model [11,30]. We used a 
censored normal distribution for monthly PDCs and estimated models 
with 2 to 7 groups of trajectories [30,31], one of which was specified to 
follow a zero-order trajectory, and the remaining groups were specified 
to follow a third-order trajectory [11]. The zero-order trajectory was 
specified to accommodate the group whose monthly PDCs remained 
approximately 1.0 throughout the assessment period, based on domain 
knowledge [11,30]. The monthly PDCs of patients who died or were lost 
to follow-up during the 360-day assessment period were treated as 
missing after their occurrence and were included in the dropout 
modeling [27,32]. We used the Bayesian information criterion (BIC) to 
select the optimal number of groups [11]. If BIC continued to improve 
with the addition of more groups, the number of groups was determined 
based on clinical interpretability [11]; for example, if adding another 
group (the 5th group) resulted in 2 groups with similar trajectory pat-
terns, the former model (4 groups) was selected [30]. In the second step, 
we determined the order of the polynomial that specifies the shape of 
each trajectory [11]. Models were fitted with all possible combinations 
of trajectory in the order 0 to 3. We selected the final model based on (1) 
the BIC, with the largest value indicating the best-fitting model and (2) 4 
criteria recommended by Nagin (Table S3) [11,12]. Adherence groups 
from the final model were labeled according to the appearance of the 
trajectory. 

We performed three additional analyses. First, to characterize pa-
tient profiles, we identified factors associated with membership in each 
GBTM-defined adherence group using univariable multinomial logistic 
regression models. Analyzed variables included baseline patient char-
acteristics, except PD treatment duration, calendar year of cohort entry, 
and levodopa equivalent dose. We did not adjust for covariates because, 
for descriptive studies, covariate adjustment can lead to the misinter-
pretation of results [33,34]. Second, we estimated the probability of 
continuing istradefylline treatment at 1, 2, and 3 years after cohort 
entry, both in the overall population and in subpopulations stratified by 
the same factors used in multinomial logistic regression models. The 
probability was estimated as 1 minus the cumulative incidence function 
accounting for the competing risk of death. Patients were followed from 
cohort entry until istradefylline discontinuation, death, loss to follow-up 
(including end of data collection at each hospital), or end of the 3-year 
follow-up, whichever occurred first. Istradefylline discontinuation was 

T. Fukasawa et al.                                                                                                                                                                                                                              



Journal of the Neurological Sciences 462 (2024) 123092

3

defined as no subsequent prescription within 60 days after the last day of 
supply for an existing prescription (discontinuation date). Further, we 
calculated the differences in probability of continuing istradefylline 
treatment between the aforementioned subpopulations. The 95% con-
fidence intervals (CIs) for the differences were computed using the 
percentile bootstrap method with replacement with 10,000 replicates 
[35]. Third, as a post-hoc analysis, we described the 3-year trend in 
median levodopa dose for each GBTM-defined adherence group to 
quantify the impact of each adherence trajectory on this exploratory 
effectiveness outcome. 

Statistical analyses were performed using SAS version 9.4 (SAS 
Institute Inc.) with the SAS PROC TRAJ macro [36], and R version 4.3.1 
(R Foundation for Statistical Computing). 

3. Results 

3.1. Characteristics of the study population 

A total of 2088 PD patients were eligible for this study (Fig. 1). 
Median age was 74.0 years (interquartile range [IQR], 67.0 to 79.0) and 
53.8% were female (Table 1). The median levodopa dose was 400.0 mg/ 
day (IQR, 300.0 to 500.0) and the median levodopa equivalent dose was 
574.3 mg/day (IQR, 400.0 to 771.4). Dopamine agonists (DAs) were the 
most common concomitant anti-PD medications (68.3%), followed by 
catechol-O-methyltransferase (COMT) inhibitors (35.0%) and mono-
amine oxidase B (MAO-B) inhibitors (29.2%). The median number of 
anti-PD medications used was 4 (IQR, 3 to 4). Among patients, 27.4% 
had anxiety/mood disorders, 20.5% had MCI/dementia, and 6.8% had 
orthostatic hypotension. Median follow-up duration was 360days (IQR, 
360 to 360) for GBTM and 410days (IQR, 80 to 848) for analysis of the 
probability of continuing istradefylline treatment (Table S4). 

3.2. Istradefylline adherence patterns 

The 4-group model was selected because it had a better BIC than 
models with fewer groups (Table S5), while models with 5 or more 
groups were sometimes unstable and did not identify additional 
adherence groups that were clinically meaningful (Fig. S2). Among 256 
combinations of trajectories, the final 4-group model (Fig. 2) had the 
largest BIC and met the 4 criteria recommended by Nagin (Table S3). 

The 4 groups consisted of (1) consistently high adherence (56.8%); (2) 
rapidly declining adherence (25.8%); (3) gradually declining adherence 
(8.5%); and (4) gradually declining and then recovering adherence 
(9.0%). The mean monthly PDC over time in each adherence group is 
shown in Table S6. 

3.3. Associations between patient characteristics and istradefylline 
adherence patterns 

Compared to the consistently high adherence group, the other groups 
had the following characteristics associated with a likelihood of lower 
adherence (Tables 1 and 2): the rapidly declining adherence group 
received fewer concomitant anti-PD medications, with fewer DAs 
(63.8% vs. 69.4%), MAO-B inhibitors (26.8% vs. 31.6%), and COMT 
inhibitors (31.6% vs. 37.0%) and had a higher prevalence of anxiety/ 
mood disorders (29.9% vs. 24.6%); the gradually declining adherence 
group received fewer MAO-B inhibitors (22.5% vs. 31.6%) and aman-
tadine (8.4% vs. 16.1%) and had a higher prevalence of MCI/dementia 
(27.0% vs. 18.8%); and the gradually declining and then recovering 
adherence group had a higher prevalence of anxiety/mood disorders 
(34.2% vs. 24.6%). 

The following patient characteristics were not associated with a 
likelihood of lower adherence: age, sex, levodopa dose, zonisamide, 
anticholinergics, antipsychotics, or orthostatic hypotension. 

3.4. Probability of continuing istradefylline treatment 

Probabilities of continuing istradefylline treatment in the overall 
population and in subpopulations stratified by baseline patient charac-
teristics are shown in Fig. 3, Fig. S3, and Table S7. In the overall pop-
ulation, probability was 57.0% (95% CI, 54.9% to 59.2%) at 1 year, 
44.9% (95% CI, 42.7% to 47.2%) at 2 years, and 37.7% (95% CI, 35.4% 
to 40.1%) at 3 years. The 3-year probability was lower in females (dif-
ference, − 3.9%; 95% CI, − 7.5% to − 0.3%), patients with a levodopa 
dose ≥400 mg/day (difference, − 5.7%; 95% CI, − 9.2% to − 2.1%), those 
with MCI/dementia (difference, − 9.1%; 95% CI, − 13.4% to − 4.8%), 
those with anxiety/mood disorders (difference, − 8.2%; 95% CI, − 12.0% 
to − 4.2%), and those with orthostatic hypotension (difference, − 13.4%; 
95% CI, − 19.9% to − 6.8%). The 3-year probability was higher for pa-
tients using more anti-PD medications (e.g., those using 6 to 8 

Fig. 1. Flow diagram for this longitudinal descriptive study. 
Abbreviation: PD, Parkinson’s disease. 
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medications compared to those using 2 medications; difference, 9.7%; 
95% CI, 0.5% to 19.0%), those using MAO-B inhibitors (difference, 
5.1%; 95% CI, 1.1% to 9.0%), those on zonisamide (difference, 5.0%; 
95% CI, 0.4% to 9.7%), and those on amantadine (difference, 6.8%; 95% 
CI, 1.6% to 11.9%). Probability was also higher at 1 year for those on 
DAs (difference, 5.1%; 95% CI, 1.5% to 8.6%) and at 1 to 2 years for 
those on COMT inhibitors (difference, 4.3%; 95% CI, 0.6% to 7.8%), but 
no significant differences were noted thereafter. No differences in 
probability were observed in subpopulations stratified by age (21 to 74 
years vs. 75 to 99 years), anticholinergic use, or antipsychotic use. 

3.5. Levodopa dosage over time among adherence groups 

In the consistently high adherence group, median levodopa dose was 
maintained at 400 mg/day until day 600, after which it increased to 450 
mg/day (Fig. S4). In the rapidly declining adherence group, median 
levodopa dose was maintained at 400 mg/day until day 420 and then 
generally increased to 450 mg/day, with some fluctuation. In the 
gradually declining adherence group, median levodopa dose was 

maintained at 400 mg/day until day 450 and then generally increased to 
450 mg/day, with some fluctuation. In the gradually declining and then 
recovering adherence group, median levodopa dose remained at 400 
mg/day until day 600, increased to 450 mg/day, and then eventually 
reached 500 mg/day by day 900. 

4. Discussion 

In this longitudinal descriptive study of PD patients who initiated 
istradefylline, we used GBTM to identify the following 4 distinct 
adherence groups: consistently high adherence; rapidly declining 
adherence; gradually declining adherence; and gradually declining and 
then recovering adherence. Membership in the lower adherence groups 
was associated with fewer concomitant anti-PD medications, anxiety/ 
mood disorders, and MCI/dementia, and these appeared to have influ-
enced the probability of continuing istradefylline treatment. Clinicians 
need to understand the heterogeneity of istradefylline adherence and 
consider different intervention strategies based on patient characteris-
tics to address non-adherence issues. 

Table 1 
Baseline characteristics of the study population.  

Characteristic Overall (n =
2088; 100%) 

Consistently high 
adherence (n = 1185; 
56.8%) 

Rapidly declining 
adherence (n = 538; 
25.8%) 

Gradually declining 
adherence (n = 178; 
8.5%) 

Gradually declining and then 
recovering adherence (n = 187; 
9.0%) 

Age, median (IQR), years 74.0 (67.0 to 
79.0) 

74.0 (67.0 to 79.0) 74.0 (67.0 to 79.0) 74.0 (67.0 to 79.0) 74.0 (68.0 to 78.0) 

21 to 74 years 1130 (54.1) 646 (54.5) 294 (54.6) 95 (53.4) 95 (50.8) 
75 to 99 years 958 (45.9) 539 (45.5) 244 (45.4) 83 (46.6) 92 (49.2) 

Sex      
Male 964 (46.2) 564 (47.6) 231 (42.9) 82 (46.1) 87 (46.5) 
Female 1124 (53.8) 621 (52.4) 307 (57.1) 96 (53.9) 100 (53.5) 

PD treatment duration, median 
(IQR), years 

2.20 (1.17 to 
3.55) 

2.21 (1.17 to 3.61) 2.00 (1.04 to 3.36) 2.47 (1.32 to 3.51) 2.48 (1.44 to 3.87) 

Calendar year of cohort entry      
2014 501 (24.0) 287 (24.2) 119 (22.1) 44 (24.7) 51 (27.3) 
2015 575 (27.5) 343 (28.9) 143 (26.6) 41 (23.0) 48 (25.7) 
2016 468 (22.4) 249 (21.0) 133 (24.7) 46 (25.8) 40 (21.4) 
2017 483 (23.1) 272 (23.0) 131 (24.3) 40 (22.5) 40 (21.4) 
2018 61 (2.9) 34 (2.9) 12 (2.2) 7 (3.9) 8 (4.3) 

Istradefylline dose      
20 mg/day 1922 (92.0) 1116 (94.2) 479 (89.0) 159 (89.3) 168 (89.8) 
40 mg/day 166 (8.0) 69 (5.8) 59 (11.0) 19 (10.7) 19 (10.2) 

Levodopa dose, median (IQR), 
mg/day 

400.0 (300.0 to 
500.0) 

400.0 (300.0 to 500.0) 400.0 (300.0 to 500.0) 400.0 (300.0 to 500.0) 400.0 (300.0 to 500.0) 

0 to <400 mg/day 994 (47.6) 568 (47.9) 259 (48.1) 75 (42.1) 92 (49.2) 
≥400 mg/day 1094 (52.4) 617 (52.1) 279 (51.9) 103 (57.9) 95 (50.8) 

Levodopa equivalent dose, 
median (IQR), mg/day 

574.3 (400.0 to 
771.4) 

579.6 (400.0 to 779.6) 553.5 (400.0 to 755.0) 585.8 (450.0 to 748.5) 550.0 (419.7 to 798.0) 

Concomitant anti-PD 
medications      
Dopamine agonists 1427 (68.3) 822 (69.4) 343 (63.8) 126 (70.8) 136 (72.7) 
MAO-B inhibitors 610 (29.2) 374 (31.6) 144 (26.8) 40 (22.5) 52 (27.8) 
COMT inhibitors 730 (35.0) 439 (37.0) 170 (31.6) 55 (30.9) 66 (35.3) 
Zonisamide 384 (18.4) 228 (19.2) 88 (16.4) 31 (17.4) 37 (19.8) 
Amantadine 296 (14.2) 191 (16.1) 70 (13.0) 15 (8.4) 20 (10.7) 
Anticholinergics 133 (6.4) 69 (5.8) 39 (7.2) 15 (8.4) 10 (5.3) 

No. anti-PD medications used, 
median (IQR) 

4.0 (3.0 to 4.0) 4.0 (3.0 to 5.0) 4.0 (3.0 to 4.0) 3.0 (3.0 to 4.0) 4.0 (3.0 to 4.0) 

2* 281 (13.5) 144 (12.2) 94 (17.5) 24 (13.5) 19 (10.2) 
3 669 (32.0) 361 (30.5) 171 (31.8) 69 (38.8) 68 (36.4) 
4 655 (31.4) 372 (31.4) 167 (31.0) 51 (28.7) 65 (34.8) 
5 354 (17.0) 227 (19.2) 80 (14.9) 26 (14.6) 21 (11.2) 
6 to 8 129 (6.2) 81 (6.8) 26 (4.8) 8 (4.5) 14 (7.5) 

Antipsychotics 78 (3.7) 43 (3.6) 21 (3.9) 6 (3.4) 8 (4.3) 
Comorbidities      

MCI/dementia 427 (20.5) 223 (18.8) 110 (20.4) 48 (27.0) 46 (24.6) 
Anxiety/mood disorders 572 (27.4) 292 (24.6) 161 (29.9) 55 (30.9) 64 (34.2) 
Orthostatic hypotension 141 (6.8) 75 (6.3) 34 (6.3) 15 (8.4) 17 (9.1) 

Abbreviations: COMT, catechol-O-methyltransferase; IQR, interquartile range; MAO-B, monoamine oxidase B; MCI, mild cognitive impairment; PD, Parkinson’s 
disease. 
Note: Data are presented as number (percentage) of patients unless otherwise indicated. 

* All patients used at least 2 anti-PD medications (istradefylline and levodopa-containing medications). 
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We observed that the consistently high adherence group accounted 
for 56.8% of the total, and found that when combined with the gradually 
declining and then recovering adherence group, the total was 65.8%. 
This result is generally consistent with the results of a post-marketing 
surveillance study of istradefylline in Japan, which showed a persis-
tence of 70.2% during the first year of treatment [37]. The gradually 
declining and then recovering adherence group had more anxiety/mood 
disorders than the consistently high adherence group. Conversely, this 
contrast may suggest that istradefylline is effective in the treatment of 
anxiety/mood disorders in PD patients. An open-label study examining 
the efficacy of istradefylline for mood disorders in PD patients reported 
improvements in apathy, anhedonia, and depression, independent of 
improvement in parkinsonian motor symptoms [5]. 

Among groups, the rapidly declining and gradually declining 
adherence groups had fewer concomitant anti-PD medications than the 
consistently high adherence group: the rapidly declining adherence 
group had fewer DAs, MAO-B inhibitors, and COMT inhibitors; and the 
gradually declining adherence group had fewer MAO-B inhibitors and 
amantadine. The protective effect of concomitant medications on 
adherence is not simply determined by the number of medications, but 
rather by the complexity of the concomitant medication regimen 
[38,39]. Those who took more medications and were able to manage 
more complex regimens may have had stronger medication-taking 
habits and greater access to resources to maintain adherence [23,40], 
and may therefore have been more adherent to simple once-daily 
istradefylline. Other characteristics included more anxiety/mood dis-
orders in the rapidly declining adherence group and more MCI/de-
mentia in the gradually declining adherence group than in the 
consistently high adherence group. The influence of these factors on 
poor adherence has been well documented in several studies [41,42]. 

Baseline characteristics that differed in the probability of istrade-
fylline treatment continuation were identical to those associated with 
membership in the low adherence groups as defined by GBTM, except 
for sex, levodopa dose, and orthostatic hypotension. The difference be-
tween the two results is not surprising given that the probability of 
treatment continuation reflects only the first treatment discontinuation, 
whereas GBTM reflects a more flexible pattern of treatment discontin-
uation, including timing and treatment reinitiation after discontinua-
tion. The lower probability of treatment adherence among females 

compared to males might have been due to differences in the proportion 
of spouses. A previous study suggested that treatment adherence for PD 
is lower among those without a spouse than among those with a spouse 
[43], and as of 2015, the proportion of Japanese elderly persons ≥65 
years with a spouse was lower among females than among males (51.4% 
vs. 80.1%) [44]; however, this is speculative since marital status data 
were not available. The rapidly declining adherence group defined by 
GBTM tended to be more female than the consistently high adherence 
group, although this was not significant (OR, 1.21; 95% CI, 0.98 to 
1.48). Regarding levodopa dosage, we observed a lower probability of 
continuing istradefylline treatment in this study for doses of ≥400 mg/ 

Fig. 2. Trajectories of 360-day adherence to istradefylline. 
The consistently high adherence group was specified to follow a zero-order 
trajectory; the rapidly declining adherence group was specified to follow a 
third-order trajectory; and the remaining groups were specified to follow a 
second-order trajectory. 

Table 2 
Associations between patient characteristics and istradefylline adherence 
pattern.  

Characteristic Odds ratio (95% CI) 

Rapidly 
declining 
adherence (vs. 
consistently high 
adherence) 

Gradually 
declining 
adherence (vs. 
consistently high 
adherence) 

Gradually 
declining and then 
recovering 
adherence (vs. 
consistently high 
adherence) 

Age    
21 to 74 years 1 [Reference] 1 [Reference] 1 [Reference] 
75 to 99 years 1.00 (0.81 to 

1.22) 
1.05 (0.76 to 
1.44) 

1.16 (0.85 to 1.58) 

Sex    
Male 1 [Reference] 1 [Reference] 1 [Reference] 
Female 1.21 (0.98 to 

1.48) 
1.06 (0.78 to 
1.46) 

1.04 (0.77 to 1.42) 

Levodopa dose    
0 to <400 mg/ 
day 

1 [Reference] 1 [Reference] 1 [Reference] 

≥400 mg/day 0.99 (0.81 to 
1.22) 

1.26 (0.92 to 
1.74) 

0.95 (0.70 to 1.29) 

Concomitant anti- 
PD medications    
Dopamine 
agonists 

0.78 (0.63 to 
0.96) 

1.07 (0.76 to 
1.51) 

1.18 (0.83 to 1.66) 

MAO-B inhibitors 0.79 (0.63 to 
0.99) 

0.63 (0.43 to 
0.91) 

0.84 (0.59 to 1.18) 

COMT inhibitors 0.79 (0.63 to 
0.98) 

0.76 (0.54 to 
1.07) 

0.93 (0.67 to 1.28) 

Zonisamide 0.82 (0.63 to 
1.08) 

0.89 (0.59 to 
1.34) 

1.04 (0.70 to 1.53) 

Amantadine 0.78 (0.58 to 
1.05) 

0.48 (0.28 to 
0.83) 

0.62 (0.38 to 1.02) 

Anticholinergics 1.26 (0.84 to 
1.90) 

1.49 (0.83 to 
2.67) 

0.91 (0.46 to 1.81) 

No. anti-PD 
medications used    
2* 1 [Reference] 1 [Reference] 1 [Reference] 
3 0.73 (0.53 to 

1.00) 
1.15 (0.69 to 
1.90) 

1.43 (0.83 to 2.46) 

4 0.69 (0.50 to 
0.95) 

0.82 (0.49 to 
1.39) 

1.32 (0.77 to 2.29) 

5 0.54 (0.38 to 
0.78) 

0.69 (0.38 to 
1.24) 

0.70 (0.36 to 1.35) 

6 to 8 0.49 (0.30 to 
0.82) 

0.59 (0.26 to 
1.38) 

1.31 (0.62 to 2.75) 

Antipsychotics 1.08 (0.63 to 
1.84) 

0.93 (0.39 to 
2.21) 

1.19 (0.55 to 2.57) 

Comorbidities    
MCI/dementia 1.11 (0.86 to 

1.43) 
1.59 (1.11 to 
2.29) 

1.41 (0.98 to 2.02) 

Anxiety/mood 
disorders 

1.31 (1.04 to 
1.64) 

1.37 (0.97 to 
1.93) 

1.59 (1.15 to 2.21) 

Orthostatic 
hypotension 

1.00 (0.66 to 
1.52) 

1.36 (0.76 to 
2.43) 

1.48 (0.85 to 2.57) 

Abbreviations: CI, confidence interval; COMT, catechol-O-methyltransferase; 
MAO-B, monoamine oxidase B; MCI, mild cognitive impairment; PD, Parkin-
son’s disease. 

* All patients used at least 2 anti-PD medications (istradefylline and levodopa- 
containing medications). 
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Fig. 3. Probability of continuing istradefylline treatment in the (A) overall population and in subpopulations stratified by (B) sex; (C) levodopa dose; (D) number of 
anti-Parkinson’s disease medications used; and the presence of (E) mild cognitive impairment/dementia, (F) anxiety/mood disorders, and (G) orthostatic 
hypotension. 
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day compared to 0 to <400 mg/day, but the difference was relatively 
small. Also, this does not suggest a causal relationship, as the present 
study was a descriptive analysis only [33,34]. For orthostatic hypoten-
sion, the probability of continuing istradefylline treatment was lower in 
patients with orthostatic hypotension than in those without. Indeed, 
orthostatic hypotension was slightly, albeit not significantly more 
common in the group with gradually declining adherence than in the 
group with consistently high adherence; thus, a larger study might have 
identified orthostatic hypotension as one of the factors characterizing 
the gradually declining adherence pattern. 

To quantify the impact of each adherence trajectory on treatment 
effectiveness, we conducted a post-hoc analysis describing the trend in 
median levodopa dose for each adherence group. The consistently high 
adherence group showed a delay in the median increase of 50 mg/day in 
levodopa dose by 150–180 days compared to both the rapidly declining 
and gradually declining adherence groups. These results are consistent 
with a randomized controlled study which demonstrated that istrade-
fylline may have a similar impact on preventing levodopa dose escala-
tion as an additional 50 mg/day of levodopa [7]. A Japanese database 
study also showed that istradefylline moderates increases in levodopa 
dosage over the long term [45]. These findings suggest that istradefyl-
line potentially reduces the incidence of side effects of dopaminergic 
drugs due to levodopa dose escalation [46]. Of note, our results are 
descriptive in nature and should be interpreted with caution, as patient 
drop-out or other anti-PD medications may have changed over the 
follow-up period. Although clinical studies have indicated that istrade-
fylline improves off-time, gait disorders [3], postural abnormalities [4], 
mood disorders [5], and daytime sleepiness [6], we could not assess 
these outcomes due to the limitations of the database we used. However, 
since “Drugs don’t work in patients who don’t take them [47],” it is 
evident that if adherence to istradefylline is poor, especially in the 
rapidly declining or gradually declining adherence groups, patients will 
not be able to obtain its benefits, even if our study does not necessarily 
assess therapeutic effectiveness. 

The main strength of this study is its use of GBTM to identify istra-
defylline adherence patterns over time. Many conventional adherence 
studies have reported adherence at a single point in time with a binary 
classification (i.e., adherent vs. non-adherent) [48–50], which over-
simplifies this complex behavior, overlooks important long-term varia-
tion, and obscures opportunities to improve adherence [51]. Our present 
study provides important insights regarding the heterogeneity of istra-
defylline adherence patterns. Knowledge of the characteristics associ-
ated with each adherence group may help predict the pattern of non- 
adherence that individual patients follow, and help clinicians 
customize the content, timing, duration, and intensity of interventions 
to maintain adherence. Since istradefylline is known to have a slower 
onset of effect than levodopa [1], intervention in the rapidly declining 
adherence group would be particularly meaningful, as patients in this 
group may have prematurely assumed the treatment was ineffective and 
discontinued it before obtaining sufficient clinical benefit. Better 
resource allocation to patients at risk of non-adherence may ultimately 
improve disease management and outcomes [52]. Additionally, to our 
knowledge, this study is the first to implement GBTM in the assessment 
of medication adherence in PD patients, and should prompt the 
reevaluation of adherence to other PD medications that have been more 
simply assessed in the past [50,53]. 

Six limitations should be noted. First, in calculating the PDC, we 
assumed that istradefylline was consumed as prescribed, which is not 
always true. Second, we were unable to distinguish whether treatment 
discontinuation was clinician-guided or patient self-directed. Third, 
factors that we did not analyze may have been associated with adher-
ence group membership. While demographic and clinical characteristics 
are readily available in electronic healthcare databases, our study, in 
line with other research, found that these characteristics did not differ 
greatly between groups and did not effectively discriminate between 
different patient adherence trajectories [51,54]. PD duration, PD 

severity, dyskinesia, and hallucination can affect decreased adherence 
[37], but these were not available or were difficult to reasonably identify 
from the database. Socioeconomic status also has the potential to in-
fluence adherence; any such impact on the results in Japan is thought to 
be small, however, because of the low economic burden that treatment 
places on patients due to the universal health insurance system and the 
designated intractable disease system. Medication beliefs – a psycho-
graphic factor – may be a stronger predictor of medication adherence 
than clinical or sociodemographic factors [55], but was also lacking in 
the database. Using GBTM to inform adherence patterns is the first step 
to understanding the complex underlying dynamics [54]. The next 
approach should focus more on patient psychographic factors, using 
qualitative methods. Fourth, if a patient was also receiving treatment at 
a different medical institution to the one where he or she was receiving 
istradefylline treatment, or if the patient transferred to another institu-
tion, the patient data were not available. However, unless the patient 
does transfer, PD-related treatments are typically performed at a single 
institution, making it likely that these treatments were in fact captured 
in the database. In addition, only 10.2% of patients were lost to follow- 
up within one year, and the associated nonrandom population attrition 
was considered in the GBTM. Fifth, the generalizability of the present 
findings is limited because the subjects of this study were PD patients 
attending acute care hospitals in Japan [56]. Specifically, the results 
may change in studies of patients in clinics or chronic care hospitals. 
Sixth, the transportability of our findings to other regions may be limited 
by differences in healthcare environment, particularly in insurance 
systems, between Japan and the US. However, Japan’s universal health 
insurance system significantly reduces the financial burden of istrade-
fylline treatment for patients, likely minimizing its impact on treatment 
adherence. Thus, our findings are expected to predominantly reflect 
medical factors such as the effectiveness and tolerability of istradefyl-
line, and thereby provide clinically meaningful insights. 

5. Conclusions 

We identified four longitudinal adherence patterns to istradefylline 
treatment in PD patients and found that more than half of the patients 
belonged to a pattern of consistently high adherence during the first year 
of treatment. For the other three patterns, in which adherence was 
suboptimal, targeted interventions to improve adherence may be help-
ful, based on an understanding of the patient characteristics associated 
with those patterns. 

Funding 

This study was supported by Kyowa Kirin Co., Ltd. 

CRediT authorship contribution statement 

Toshiki Fukasawa: Writing – review & editing, Writing – original 
draft, Visualization, Software, Project administration, Methodology, 
Investigation, Formal analysis, Data curation, Conceptualization. Etsuro 
Nakanishi: Writing – review & editing, Methodology, Conceptualiza-
tion. Hiroo Shimoda: Writing – review & editing, Project administra-
tion, Conceptualization. Katsumi Shinoda: Writing – review & editing, 
Project administration, Conceptualization. Satoru Ito: Writing – review 
& editing, Conceptualization. Shinji Asada: Writing – review & editing, 
Conceptualization. Satomi Yoshida: Writing – review & editing, 
Conceptualization. Sachiko Tanaka-Mizuno: Writing – review & edit-
ing, Conceptualization. Kayoko Mizuno: Writing – review & editing, 
Conceptualization. Ryosuke Takahashi: Writing – review & editing, 
Conceptualization. Koji Kawakami: Writing – review & editing, Su-
pervision, Resources, Project administration, Conceptualization. 

T. Fukasawa et al.                                                                                                                                                                                                                              



Journal of the Neurological Sciences 462 (2024) 123092

8

Declaration of competing interest 

T.F. has been employed by the Department of Digital Health and 
Epidemiology with support from Eisai Co., Ltd. and Kyowa Kirin Co., 
Ltd.; and has received consulting fees from Real World Data Co., Ltd. and 
honoraria from EPS Corporation and Research Institute of Healthcare 
Data Science (RIHDS). E.N. has received consulting fees from Kyowa 
Kirin Co., Ltd., and honoraria from AbbVie GK, Daiichi Sankyo Co., Ltd., 
EA Pharma Co., Ltd., Eisai Co., Ltd., Kyowa Kirin Co., Ltd., Ono Phar-
maceutical Co., Ltd., Sumitomo Pharma Co., Ltd., and Takeda Pharma-
ceutical Co., Ltd. H.S., K.S., S.I., and S.A. have been employed by Kyowa 
Kirin Co., Ltd. S.Y. has no conflicts of interest. S.T.-M. has been 
employed by the Department of Digital Health and Epidemiology with 
support from Eisai Co., Ltd. and Kyowa Kirin Co., Ltd.; and has received 
consulting fees from Real World Data Co., Ltd. and honoraria from 
RIHDS. K.M. has been employed by the Department of Digital Health 
and Epidemiology with support from Eisai Co., Ltd. and Kyowa Kirin 
Co., Ltd. R.T. has received consulting fees from Kyowa Kirin Co., Ltd., 
and grants from Eisai Co., Ltd., Kyowa Kirin Co., Ltd., Sumitomo Pharma 
Co., Ltd., honoraria from AbbVie Inc., Eisai Co., Ltd., Kyowa Kirin Co., 
Ltd., Ono Pharmaceutical Co., Ltd., Sumitomo Pharma Co., Ltd., and 
Takeda Pharmaceutical Co., Ltd., and subcontracting fees (trial cases) 
from Sanofi K.K., Takeda Pharmaceutical Co., Ltd., and Teijin Pharma 
Ltd. K.K. has received consulting fees from Advanced Medical Care Inc., 
JMDC Inc., LEBER Inc., and Shin Nippon Biomedical Laboratories Ltd., 
executive compensation from Cancer Intelligence Care Systems, Inc., 
honoraria from Chugai Pharmaceutical Co., Ltd., Kaken Pharmaceutical 
Co., Ltd., and Pharma Business Academy, and grants from Eisai Co., Ltd., 
Kyowa Kirin Co., Ltd., OMRON Corporation, and Toppan Inc. 

Acknowledgments 

The authors thank Dr. Guy Harris of Dmed (www.dmed.co.jp) for his 
support with the writing of the manuscript. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jns.2024.123092. 

References 

[1] R. Dungo, E.D. Deeks, Istradefylline: first global approval, Drugs 73 (2013) 
875–882. 

[2] J.F. Chen, R.A. Cunha, The belated US FDA approval of the adenosine A2A receptor 
antagonist istradefylline for treatment of Parkinson’s disease, Purinergic Signal 16 
(2020) 167–174. 

[3] M. Iijima, S. Orimo, H. Terashi, M. Suzuki, A. Hayashi, H. Shimura, H. Mitoma, 
K. Kitagawa, Y. Okuma, Efficacy of istradefylline for gait disorders with freezing of 
gait in Parkinson’s disease: a single-arm, open-label, prospective, multicenter 
study, Expert. Opin. Pharmacother. 20 (2019) 1405–1411. 

[4] M. Takahashi, T. Shimokawa, J. Koh, T. Takeshima, H. Yamashita, Y. Kajimoto, 
A. Mori, H. Ito, Efficacy and safety of istradefylline in patients with Parkinson’s 
disease presenting with postural abnormalities: results from a multicenter, 
prospective, and open-label exploratory study in Japan, J. Neurol. Sci. 432 (2022) 
120078. 

[5] H. Nagayama, O. Kano, H. Murakami, K. Ono, M. Hamada, T. Toda, R. Sengoku, 
Y. Shimo, N. Hattori, Effect of istradefylline on mood disorders in Parkinson’s 
disease, J. Neurol. Sci. 396 (2019) 78–83. 

[6] K. Suzuki, M. Miyamoto, T. Miyamoto, T. Uchiyama, Y. Watanabe, S. Suzuki, 
T. Kadowaki, H. Fujita, T. Matsubara, H. Sakuramoto, K. Hirata, Istradefylline 
improves daytime sleepiness in patients with Parkinson’s disease: an open-label, 3- 
month study, J. Neurol. Sci. 380 (2017) 230–233. 

[7] T. Hatano, R. Sengoku, H. Nagayama, N. Yanagisawa, A. Yoritaka, K. Suzuki, 
N. Nishikawa, Y. Mukai, K. Nomura, N. Yoshida, M. Seki, M.K. Matsukawa, 
H. Terashi, K. Kimura, J. Tashiro, S. Hirano, H. Murakami, H. Joki, T. Uchiyama, 
H. Shimura, K. Ogaki, J. Fukae, Y. Tsuboi, K. Takahashi, T. Yamamoto, K. Kaida, 
R. Ihara, K. Kanemaru, O. Kano, Impact of istradefylline on levodopa dose 
escalation in Parkinson’s disease: ISTRA ADJUST PD study, a multicenter, open- 
label, randomized, parallel-group controlled study, Neurol. Ther. 13 (2024) 
323–338. 

[8] W.F. Gellad, C.T. Thorpe, J.F. Steiner, C.I. Voils, The myths of medication 
adherence, Pharmacoepidemiol. Drug Saf. 26 (2017) 1437–1441. 

[9] A new taxonomy for describing and defining adherence to medications, Br. J. Clin. 
Pharmacol. 73 (2012) 691–705. 

[10] J.M. Franklin, W.H. Shrank, J. Pakes, G. Sanfélix-Gimeno, O.S. Matlin, T. 
A. Brennan, N.K. Choudhry, Group-based trajectory models: a new approach to 
classifying and predicting long-term medication adherence, Med. Care 51 (2013) 
789–796. 

[11] D.S. Nagin, Group-Based Modeling of Development, Harvard University Press, 
London, England, 2005, https://doi.org/10.4159/9780674041318. 

[12] D.S. Nagin, C.L. Odgers, Group-based trajectory modeling in clinical research, 
Annu. Rev. Clin. Psychol. 6 (2010) 109–138. 

[13] J. Guo, W.F. Gellad, Q. Yang, J.C. Weiss, J.M. Donohue, G. Cochran, A.J. Gordon, 
D.C. Malone, C.K. Kwoh, C.C. Kuza, D.L. Wilson, W.-H. Lo-Ciganic, Changes in 
predicted opioid overdose risk over time in a state medicaid program: a group- 
based trajectory modeling analysis, Addiction 117 (2022) 2254–2263. 

[14] S. Yoshida, M. Takeuchi, S. Tanaka-Mizuno, K. Mizuno, M. Nakashima, 
T. Fukasawa, K. Kawakami, Clinical epidemiology and pharmacoepidemiology 
studies with real-world databases, Proc. Jpn. Acad. Ser. B Phys. Biol. Sci. 98 (2022) 
517–528. 

[15] T. Fukasawa, T. Seki, M. Nakashima, K. Kawakami, Comparative effectiveness and 
safety of edoxaban, rivaroxaban, and apixaban in patients with venous 
thromboembolism: a cohort study, J. Thromb. Haemost. 20 (2022) 2083–2097. 

[16] S. Masuda, T. Fukasawa, M. Takeuchi, S. Fujibayashi, B. Otsuki, K. Murata, 
T. Shimizu, S. Matsuda, K. Kawakami, Incidence of surgical site infection following 
lateral lumbar interbody fusion compared with posterior/transforaminal lumbar 
interbody fusion: a propensity score-weighted study, Spine 48 (2023) 901–907. 

[17] Medical and Healthcare Database Utilization Committee, Japanese Society for 
Pharmacoepidemiology, Survey of Japanese Databases in Japan Available for 
Clinical/Pharmacoepidemiology. https://www.jspe.jp/committee/kenkou-iryou/, 
2024 accessed June 22, 2024. 

[18] M. Stewart, A.D. Norden, N. Dreyer, H.J. Henk, A.P. Abernethy, E. Chrischilles, 
L. Kushi, A.S. Mansfield, S. Khozin, E. Sharon, S. Arunajadai, R. Carnahan, J. 
B. Christian, R.A. Miksad, L.C. Sakoda, A.Z. Torres, E. Valice, J. Allen, An 
exploratory analysis of real-world end points for assessing outcomes among 
immunotherapy-treated patients with advanced non–small-cell lung cancer, JCO 
Clin. Cancer Inform. (2019) 1–15. 

[19] S. Schneeweiss, J.A. Rassen, J.S. Brown, K.J. Rothman, L. Happe, P. Arlett, G. Dal 
Pan, W. Goettsch, W. Murk, S.V. Wang, Graphical depiction of longitudinal study 
designs in health care databases, Ann. Intern. Med. 170 (2019) 398. 

[20] T. Fukasawa, M. Iwagami, A. Hara, H. Urushihara, Design diagram: a framework 
for visualizing study designs using real-world data and improving study 
reproducibility, Jpn. J. Pharmacoepidemiol. 28 (2023) 39–55. 

[21] R.P. Hickson, I.E. Annis, L.A. Killeya-Jones, G. Fang, Comparing continuous and 
binary group-based trajectory modeling using statin medication adherence data, 
Med. Care 59 (2021) 997–1005. 

[22] J.M. Franklin, A.A. Krumme, A.Y. Tong, W.H. Shrank, O.S. Matlin, T.A. Brennan, N. 
K. Choudhry, Association between trajectories of statin adherence and subsequent 
cardiovascular events, Pharmacoepidemiol. Drug Saf. 24 (2015) 1105–1113. 

[23] P. Dillon, D. Stewart, S.M. Smith, P. Gallagher, G. Cousins, Group-based trajectory 
models: assessing adherence to antihypertensive medication in older adults in a 
community pharmacy setting, Clin. Pharmacol. Ther. 103 (2018) 1052–1060. 

[24] R. Paranjpe, M.L. Johnson, E.J. Essien, J.C. Barner, O. Serna, E. Gallardo, Z. Majd, 
M.L. Fleming, N. Ordonez, M.M. Holstad, S.M. Abughosh, Group-based trajectory 
modeling to identify patterns of adherence and its predictors among older adults on 
angiotensin-converting enzyme inhibitors (ACEIs)/angiotensin receptor blockers 
(ARBs), Patient Prefer. Adherence 14 (2020) 1935–1947. 

[25] S.E. Andrade, K.H. Kahler, F. Frech, K.A. Chan, Methods for evaluation of 
medication adherence and persistence using automated databases, 
Pharmacoepidemiol. Drug Saf. 15 (2006) 565–574, discussion 575-7. 

[26] M. Johnsrud, K. Richards, S. Arcona, R. Sasané, M. Leoni, An assessment of 
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