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Purpose: Parkinson’s disease (PD) is a progressive neurodegenerative disease. As the disease progresses, medication regimens become
increasingly complex. The long-term success of PD pharmacotherapy is highly dependent on patient adherence to the prescribed
medication regimen. The aim of this study is to investigate how intentional and unintentional non-adherence evolves over time and to
identify PD-related factors that influence these longitudinal changes. These findings may be crucial in developing targeted interventions to
improve adherence, particularly in patients who have difficulties with intentional or unintentional non-adherence.

Patients and Methods: The sample consisted of 91 people with PD who were initially treated as part of the PD multimodal complex
treatment at the Department of Neurology, Jena University Hospital, Germany. They were followed up three and six months after
discharge. Medication adherence was assessed using the Stendal Adherence to Medication Score (SAMS) and its three subscores for
forgetfulness, knowledge, and modification. Statistical analyses included Wilcoxon signed rank test, Friedman test, and generalized
estimating equations to determine longitudinal changes in non-adherence and the influence of PD-related variables.

Results: Analysis of SAMS subscores showed improvement over time in modification and knowledge, whereas forgetfulness did not
show significant change. Modification was significantly associated with depressive symptoms.

Conclusion: Medication adherence in PD is a dynamic process and changes over time. The findings suggest that while educational
interventions are effective in improving knowledge and reducing intentional non-adherence, addressing depressive symptoms and
cognitive impairment is critical to improving overall adherence. Future research should continue to explore the factors that influence
adherence behaviors and develop targeted strategies to help people with PD maintain adherence throughout the course of their disease.
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Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by motor symptoms such as tremor,
bradykinesia, and rigidity, and non-motor symptoms such as cognitive decline, mood, and sleep disturbances.' The
progressive nature of PD requires lifelong treatment, with dopaminergic as well as noradrenergic, glutamatergic, and
serotonergic pharmacotherapy playing a decisive role in alleviating variable motor and non-motor symptoms.> These
medications are essential for improving quality of life (QoL) by reducing the motor and non-motor symptoms that interfere
with daily functioning. Despite the availability of effective pharmacotherapy, the clinical management of PD is challenging
due to the complexity of the disease and its treatment regimen. As PD progresses, medication regimens become increasingly
complex, requiring patients to take multiple medications several times a day. The effectiveness of treatment is highly
dependent on the patient’s adherence to the prescribed medication regimen.** Poor adherence can lead to suboptimal
symptom control, worsening of motor and non-motor symptoms, increased risk of complications, and overall deterioration
in QoL.*® Therefore, medication adherence is a key determinant of the long-term success of PD pharmacotherapy.
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Medication adherence refers to the extent to which a patient’s medication taking behavior is in accordance with the
prescribed therapeutic regimen.® It includes the timing, dosage and frequency of taking medication as agreed with the
healthcare provider. Adherence is a critical factor in achieving therapeutic goals, particularly in chronic diseases such as
PD that require long-term pharmaceutical treatment.” However, adherence is not a static behavior and can vary over time
due to a number of factors, including disease progression, side effects, cognitive decline and psychosocial influences (eg,
depressive symptoms, stressful life events, and individual coping capabilities).

In contrast, non-adherence denotes the inability or unwillingness to adhere to a prescribed regimen, which can be
either intentional or unintentional.” Intentional non-adherence is defined as a conscious decision of a person to deviate
from the prescribed regimen. This is often motivated by factors such as perceived side effects, doubts about the efficacy
of the treatment, or difficulties with complex regimens.® Unintentional non-adherence is frequently attributable to factors
such as forgetfulness or cognitive impairment, which is of particular relevance in the context of the ageing PD
population. In people with PD (PwPD), non-adherence is a prevalent issue, largely due to the complexity of treatment
regimens, the cognitive impairments that frequently accompany the disease, and the high prevalence of depressive
symptoms.®” In particular, depressive symptoms are closely linked to non-adherence, eg through reduced motivation and
ability to adhere to treatment, a lack of interest in improving one’s own health, as well as changes in concentration and
fatigue, resulting in intentional and unintentional non-adherence.'® Furthermore, as the disease progresses, PwPD may
experience motor fluctuations and dyskinesias, which can lead to frustration and deliberate changes in medication intake
without consulting a healthcare provider (intentional nonadherence).

The traditional measures of adherence, such as the proportion of days covered (PDC) or the medication possession
ratio (MPR), provide a snapshot of overall adherence over a fixed period.'' However, they are unable to capture reasons
for longitudinal changes and fluctuations in adherence that are often observed in people with chronic diseases.'? In PD,
where disease progression, cognitive changes and fluctuations in symptoms are common, adherence can follow a number
of different trajectories over time.

Group-based trajectory modelling was demonstrated to be an effective method for categorizing people into discrete
adherence trajectory groups based on their medication-taking behavior over time.'* The utilization of this approach has
led to the identification of a number of common adherence trajectories, including consistent high adherence, declining
adherence, early and persistent nonadherence, and initial nonadherence followed by improved adherence.'® Although
these trajectories demonstrate the intricacy of adherence behavior in chronic diseases such as PD, it remains unclear how
different forms of non-adherence (ie, intentional or unintentional) evolve over time.

This study builds upon previous research by exploring not only how general adherence changes over time, but also
how different forms of non-adherence evolve longitudinally.®'* This study represents the first attempt to differentiate
between intentional and unintentional non-adherence and to examine how each form changes over time in PwPD.
Thereby, the study focused on PwPD, who were treated within Parkinson’s disease multimodal complex treatment (PD-
MCT) and on the months following discharge. PD-MCT is a multidisciplinary inpatients treatment approach for PwPD.
In Germany, this treatment approach is integrated in the national health insurance system and lasts at least seven
days.">' It is carried out according to precise specifications and includes multidisciplinary treatment with the additional
involvement of physiotherapists, occupational therapists, speech and language therapists and psychologists, with
a treatment duration of at least 7.5 hours per week in addition to standard medical treatment and medication optimization.
Previous studies have shown that PD-MCT can effectively improve motor and non-motor symptoms as well as QoL.'¢™"?
However, it is not yet known whether this multimodal therapy can also change patient’s medication adherence.

The aim of this study is 1) to examine how intentional and unintentional non-adherence evolve over time in PwPD
following PD-MCT and 2) to determine PD-related factors that influence longitudinal changes in intentional and
unintentional non-adherence. By addressing these questions, our objective is to gain a more nuanced understanding of
adherence behavior in PwPD and to identify which factors contribute to changes in different types of non-adherence over
time. These insights could prove pivotal in the development of targeted interventions to improve adherence, particularly

in patients who experience difficulties with intentional or unintentional non-adherence.
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Materials and Methods
Study Design and Participants

We performed a prospective monocentric study with a follow-up of six months conducted at the Department of
Neurology of the University Hospital Jena, Germany. The study is approved by the Ethics Committee of the
University Hospital Jena (registration number 2021-2228-BO). Between July 2021 and March 2023, PwPD who were
admitted for PD-MCT were screened, and included if they have a confirmed diagnosis of idiopathic PD in accordance to
the Movement Disorder Society (MDS) criteria.”® Exclusion criteria were severe cognitive impairment with the inability
to complete a questionnaire. Prior to study inclusion, written informed consent was obtained from all participants (total
number of participants, N = 120). Of 120 PwPD who were treated within PD-MCT, N = 91 received two follow-ups by
telephone calls at three and six months and were included in data analysis.

Dependent Variable

The primary outcome of this secondary analysis was non-adherence according to the Stendal Adherence to Medication
Score (SAMS).?! Briefly, the SAMS is a self-report questionnaire consisting of 18 items. Items are scaled on a 5-point
Likert scale (from “0” to “4”, eg, never, rare, sometimes, often, mostly), and added up to a cumulative adherence score,
with “0” indicating complete adherence and “72” complete non-adherence. Different subscores can be calculated, namely
forgetting to take medication (unintentional non-adherence), modification of medication (intentional non-adherence), and
missing knowledge about medication. Modification refers to the adjustment of medications (dosages, time points) without
consulting a doctor, while missing knowledge represents people who were unaware of the purpose of their medications
and/or dosages. The factor forgetfulness includes people who unintentionally forget to take their medications.*?'** The
SAMS subscales were calculated as described previously.”

Covariates

The following general and PD-related variables were collected by trained study staff at baseline: Age (years, metric); gender
(male/female); disease duration (years, metric); levodopa equivalent daily dose (LEDD, metric);*> number of medications
per day (metric); motor symptoms assessed by the MDS sponsored revision of the unified Parkinson’s disease rating scale part I1
(MDS-UPDRS II, motor experiences of daily living, metric; higher values indicate more impairment) and ITII (MDS-UPDRS III,
motor examination, metric; higher values indicate more impairment)24 and the Hoehn & Yahr stage (multi-nominal, stage I to V;
higher values indicate a more severe disease stage);”> the number of non-motor symptoms as assessed by the Non-Motor
Symptoms Questionnaire (NMSQ, metric; higher numbers indicate more non-motor symptoms);”° screening for depressive
symptoms (Patient Health Questionnaire-9, PHQ-9, metric; higher values indicate more depressive symptoms);>’ cognition
assessed with the Montreal Cognitive Assessment (MoCA, metric; higher values indicate better cognition);”**? and finally, the
PD-questionnaire (PDQ-8, metric) to determine health-related QoL (lower values indicate better QoL).**" At the three and six
months follow-up, the MDS-UPDRS II, NMSQ, PHQ-9, and PDQ-8 were determined again.

Statistical Analysis

For statistical analyses, IBM SPSS version 29 and R version 4.3.0 were used. Statistical significance for all tests was set at p <
0.05. Descriptive statistics were used to describe the study population. Mean and standard deviation (SD) were reported for
continuous variables, and categorical variables were presented as absolute values and relative frequencies. Missing data were
treated according to the pairwise deletion process.>* To compare the variables within groups, the Wilcoxon signed rank test for
non-normally distributed data and the Friedman test to test for one-way repeated measures analysis of variance by ranks were
used.* Effect sizes were given as rank biserial correlation coefficient r (> 0.2: low; > 0.5: moderate; > 0.8: large) for the
Wilcoxon signed rank test and partial Eta® (> 0.01: low; > 0.06: moderate; > 0.14: large) for variables in the ANOVA model.**
Generalized Estimating Equations (GEEs) were developed to assess the influence of the PD-related variables (NMSQ, MDS-
UPDRS II, PHQ-9, PDQ-8) on SAMS subscales modification, missing knowledge, and forgetting.>> An exchangeable covariance
structure was used assuming that every observation (ie, factor score) of a participant is equally correlated with the other factor
scores of that participant. Robust standard errors were calculated to ensure consistent inferences from a GEE model.
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Results

Characteristics

Table 1 outlines the detailed characteristics of the cohort. PwPD had a mean age of 70 (SD = 9) years. The majority of
the cohort (56%, N = 51) were male. With regard to PD severity, 68% (N = 62) of the cohort were classified as Hoehn
and Yahr stage 3. The mean number of medications taken per day is 12 (SD = 6), with a mean LEDD of 833 mg (SD =
591). PwPD reported a mean number of different non-motor symptoms according to the NMSQ of 8 (SD = 5). The

majority of the participants (67%, N = 60) had no relevant depressive symptoms (PHQ-9 total score <10).

Table | Characteristics of the Baseline Cohort of PwPD at
Hospital Admission (N = 91)

Variable M (SD) N (%)
Age (years) 70.7 (9.0) /
Sex (male/female) / 51 (56) / 40 (44)
Disease duration (years) 10.0 (6.5) /
Hoehn & Yahr stage / /

o | / 1 (I.1)
e |5 / 1 (1.1)
L) / 5(5.5)
® 25 / 15 (16.5)
® 3 / 62 (68.1)
® 4 / 6 (6.6)
e 5 / 1 (L.1)
MDS-UPDRS I 15.5 (8.9) /
MDS-UPDRS I 38.3 (12.5) /
Drugs per day (number) 11.9 (5.6) /
LEDD (mg) 832.5 (590.5) /
NMSQ (number) 8.1 (5.0) /
MoCA (total score) 20.8 (4.0) /
PHQ-9 (total score) 6.4 (4.1) /

® |nconspicuous (<10) / 60 (66.7)
® Mildly depressive (10 —14) / 26 (28.9)
® Moderately depressive (15 —19) / 4 (4.4)
PDQ-8 (summary index) 33.0 (15.6) /

Notes: Values were reported as mean (M) and standard deviation (SD) for continuous
variables, and as absolute values (N) and relative frequencies (%) for categorical

variables.

Abbreviations: LEDD, levodopa equivalent daily dose; MDS-UPDRS, Movement
Disorder Society sponsored revision of the unified Parkinson’s disease rating scale;
MoCA, Montreal Cognitive Assessment; NMSQ, Non-Motor Symptoms Questionnaire;
PDQ-8, Parkinson’s disease Questionnaire; PHQ-9, Patient Health Questionnaire; PwPD,

people with Parkinson’s disease.
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Changes of PD-Related Characteristics

As shown in Table 2, the longitudinal analysis of the PD-related characteristics showed significant improvements from
baseline to both follow-ups regarding motor function (MDS-UPDRS II), the number of non-motor symptoms (NMSQ),
and health-related QoL (PDQ-8), and regarding the one follow-up of depressive symptoms (PHQ-9) after six months.
The MDS-UPDRS II scores decreased significantly, indicating improved motor aspects of daily living, with a large effect
size (p < 0.001, partial eta’ = 0.213). The NMSQ scores also showed a significant reduction in non-motor symptoms,
with a large effect size (p < 0.001, partial eta® = 0.531). Health-related QoL, assessed with the PDQ-8 summary index,
improved significantly with a large effect size (p < 0.001, partial eta® = 0.316). Lastly, depressive symptoms, assessed
with the PHQ-9 total score, decreased significantly with a moderate effect size (p < 0.001, r = 0.5006).

Changes of SAMS

The SAMS score demonstrated notable fluctuations across the three time points (Table 3). At the initial measurement
point, the mean SAMS score was 8.92 (SD = 7.56). By the first follow-up after three months, the score had decreased to
5.19 (SD = 4.47), indicating an improvement in adherence. This reduction was statistically significant (p < 0.001). By
the second follow-up after six months, the SAMS score exhibited a further reduction to 4.21 (SD = 4.41), again,
demonstrating a statistically significant improvement in comparison to baseline (p < 0.001). However, the change
between the two follow-ups after three and six months was not statistically significant (p = 0.190), indicating that the
majority of the improvement occurred within the first three months, and with a minimal further change thereafter.

Table 2 Longitudinal Changes of PD-Related Characteristics (N = 91)

Variable Time Point p r
Baseline 3 Months 6 Months
Follow-Up Follow-Up
M SD M SD M SD
MDS-UPDRS I 17.58° 8.44 14.12° 9.02 14.99° 8.93 <0.001 0.213
NMSQ 10.94° 4.82 6.51° 4.34 6.56° 4.34 <0.001 0.531
PDQ-8 33.00* 15.60 23.80° 16.13 24.42° 16.15 <0.001 0.316
PHQ-9 7.35% 4.07 / / 5.40° 3.88 <0.001 0.506

Notes: The Friedman test was used to test for one-way repeated measures analysis of variance by ranks and the Wilcoxon
signed rank test for group comparison of paired samples. Values in the same row and sub-table, where the superscript is not
identical, differ at p <0.05. Effect sizes were given as partial Eta? or rank biserial correlation.

Abbreviations: M, mean; MDS-UPDRS, Movement Disorder Society sponsored revision of the unified Parkinson’s disease
rating scale; NMSQ, Non-Motor Symptoms Questionnaire; PD, Parkinson’s disease; PDQ-8, Parkinson’s disease
Questionnaire; PHQ-9, Patient Health Questionnaire; SD, standard deviation.

Table 3 Longitudinal Changes of SAMS Subscales in PwPD (N = 91)

SAMS Subscale Time Point p r
Baseline 3 Months 6 Months
Follow-Up Follow-Up
M SD M SD M SD
SAMS score 8.92° 7.56 5.19° 4.47 421° 4.41 <0.001 0.294
SAMS modification 0.30° 0.49 0.04° 0.15 0.02° 0.12 <0.001 0.244
SAMS knowledge 0.64 0.88 0.49>° 0.67 0.35° 0.54 <0.001 0.130
SAMS forgetfulness 0.63° 0.51 0.58% 0.50 0.53° 0.50 0.151 0.020

Notes: The Friedman test was used to test for one-way repeated measures analysis of variance by ranks and the Wilcoxon signed
rank test for group comparison of paired samples. Values in the same row and sub-table, where the superscript is not identical,
differ at p <0.05. Effect sizes were given as partial Eta”.

Abbreviations: M, mean; SAMS, Stendal Adherence to Medication Score; SD, standard deviation.
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The analysis of SAMS subscores across three assessment points revealed significant changes in SAMS modification
and SAMS knowledge subscales, while SAMS forgetfulness remained stable (Table 3). For the SAMS modification
subscore, PWPD demonstrated a significant decrease in their scores from baseline to the first follow-up at 3 months, with
a further slight non-significant decrease to the second follow-up at 6 months. The SAMS knowledge subscore decreased
significantly from baseline to the second follow-up after 6 months. In contrast, the SAMS forgetfulness subscore did not
exhibit any significant changes over time.

Finally, we determined which PD-related variables (MDS-UPDRS II, NMSQ, PDQ-8, PHQ-9) influence changes of
SAMS subscores over time. The results of the three GEE models for the SAMS subscores (forgetfulness, knowledge,
modification) show the following (see Table 4).

Table 4 Predictors of SAMS Subscales, GEE Analysis (N = 91)

Parameter B Std. Error 95% Wald Hypothesis Test Exp(B) | 95% Wald Confidence
Confidence Interval Interval for Exp(B)
Lower Upper Wald df Sig. Lower Upper
Chi-Square

SAMS forgetfulness

(Intercept) 0.158 0.1339 ~0.105 0.420 1386 [ 0239 | 1171 0.900 1522
MDS-UPDRS Il | 0.010 0.0083 -0.006 0.027 1613 [ 0204 | 1011 0.994 1.027
NMSQ 0.025 0.0180 ~0.011 0.060 1.890 [ 0.169 | 1.025 0.990 1.062
PDQ-8 0.001 0.0051 -0.009 0011 0.065 [ 0799 | 1.001 0.991 1.011
PHQ-9 -0.004 |  0.0200 ~0.043 0.035 0.035 [ 0851 | 0.99% 0.958 1.036
(Scale) 0.234

SAMS knowledge

(Intercept) 0.156 0.2723 -0.377 0.690 0.329 | 0.566 1.169 0.686 1.994
MDS-UPDRS Il | 0.017 0.0141 —-0.010 0.045 1.479 | 0.224 1.017 0.990 1.046
NMSQ —0.006 0.0251 —0.055 0.043 0.059 | 0.808 0.994 0.946 1.044
PDQ-8 0.012 0.0083 —0.004 0.028 2.057 | 0.152 1.012 0.996 1.029
PHQ-9 —0.020 0.0313 —0.081 0.041 0.408 | 0.523 0.980 0.922 1.042
(Scale) 0.768

SAMS modification

(Intercept) 0.186 0.1329 -0.074 0.447 1.966 [ 0.161 1205 0.929 1.563
MDS-UPDRS Il | 0.003 0.0087 ~0014 0.020 0.145 [ 0703 | 1.003 0.986 1.021
NMSQ -0.027 | 00153 -0.057 0.003 3210 [ 0073 | 0973 0.944 1.003
PDQ-8 0.001 0.0054 -0.010 0011 0.026 [ 0872 | 1.001 0.990 1.011
PHQ-9 0.045 00192 0.008 0.083 5.557 [ 0018 | 1.046 1.008 1.087
(Scale) 0231

Notes: Parameter estimates of the generalized estimating equation (GEE). Dependent variable: SAMS subscore (forgetfulness, knowledge, modification); Independent
variables (Intercept), MDS-UPDRS II, NMSQ, PDQ-8, and PHQ-9.

Abbreviations: MDS-UPDRS, Movement Disorder Society sponsored revision of the unified Parkinson’s disease rating scale; NMSQ, Non-Motor Symptoms Questionnaire;
PDQ-8, Parkinson’s disease Questionnaire; PHQ-9, Patient Health Questionnaire; SAMS, Stendal Adherence to Medication Score.
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The forgetfulness subscore shows no significant influence of the PD-related variables (MDS-UPDRS II: p = 0.204;
NMSQ: p =0.169; PDQ-8: p = 0.799; PHQ-9: p = 0.851). For the knowledge subscore, the PD-related variables also do
not show a significant influence (MDS-UPDRS II: p = 0.224; NMSQ: p = 0.808; PDQ-8: p = 0.152; PHQ-9: p = 0.523).
In contrast, the model for the modification subscore shows a significant effect of PHQ-9 (p = 0.018), suggesting that
depressive symptoms significantly influence this subscore. Again, no significant effect was determined for MDS-UPDRS
II (p = 0.703), NMSQ (p = 0.073), and PDQ-8 (p = 0.872). Overall, the results suggest that the forgetfulness and
knowledge subscores are not strongly influenced by the examined PD-related variables. However, the modification
subscore shows a significant association with depressive symptoms, indicating a potential psychosocial component.

Discussion

In this study, we examined the longitudinal changes in different types of self-reported medication adherence in PwPD
following an interdisciplinary inpatient treatment (PD-MCT). Specifically, we sought to differentiate between intentional
and unintentional forms of non-adherence and investigate the factors that may influence changes in these behaviors over
time. Our findings highlight the dynamic nature of adherence in PD, revealing that while some aspects of non-adherence
improve after discharge from PD-MCT, others remain stable. In this context, the study provides important insights into
the limited role that PD-related factors play in explaining these changes.

Our results showed that medication adherence in PD is not a fixed behavior, but changes over time. More specifically,
forgetfulness (a form of unintentional nonadherence) remained stable throughout the follow-up period, indicating that
forgetfulness does not fluctuate significantly after discharge. In contrast, both modification of medication (intentional
non-adherence) and knowledge about medication improved significantly during the follow-up period, with notable
reductions in non-adherence in these areas. These improvements suggest that PwWPD were better informed and adhered
more closely to their prescribed regimens after discharge from PD-MCT. Whether these changes are a consequence of
PD-MCT or can also be observed after inpatient treatments of shorter duration or without interdisciplinary care requires
further investigation.

Interestingly, the PD-related factors we investigated—such as motor and non-motor symptoms—explained only
a small portion of the variance in the observed changes in adherence. Among these factors, only depressive symptoms
(PHQ-9) were significantly associated with changes in one form of non-adherence, specifically modification of medica-
tion. The associations between depression and non-adherence,’® as well as mood disorders and non-adherence, especially
in PD are already known.?” However, our study provided a more detailed analysis of this association. Accordingly, PwPD
with higher depressive symptoms were more likely to modify their medication regimens without consulting their
healthcare providers, indicating that psychosocial factors may play a more substantial role in influencing intentional non-
adherence than clinical variables such as motor and non-motor symptoms as assessed by the MDS-UPDRS II or NMSQ.

Our study supports the growing recognition that adherence is a highly dynamic phenomenon, particularly in chronic
conditions like PD.'? Traditional cross-sectional measures of adherence provide only a static snapshot and fail to capture
the temporal fluctuations and behavioral changes that occur over time. In contrast, our longitudinal approach revealed
distinct trajectories of adherence behavior, especially regarding intentional and unintentional non-adherence. This
distinction is critical because the factors driving intentional and unintentional non-adherence are likely to differ, requiring
tailored strategies to address each form.

In general, educational and behavioral interventions may improve the proportion of older adults who satisfactorily
adhere to their prescribed medications.”® However, further research is necessary to assess the effect of targeted
interventions on the subfactors of medication adherence. For example, the stability of forgetfulness implies that
interventions aimed at reducing forgetfulness, such as the use of pill organizers, reminders, or caregiver support, should
be a consistent part of the treatment plan and not limited to the period immediately following discharge after PD-MCT.
On the other hand, the observed improvement in medication knowledge and the reduction in intentional non-adherence
after discharge suggest that patient education and counseling during the hospital stay are effective in addressing
knowledge gaps. In this regard, further research is necessary to investigate these relationships in more detail.
However, the finding that intentional non-adherence (ie, modification of medication) was influenced by depressive
symptoms underscores the complexity of adherence behavior. While PWwPD may become more knowledgeable about their

Patient Preference and Adherence 2025:19 hetps: 2841



Heimrich et al

medications, emotional and psychological factors, such as depression, can undermine their willingness to follow the

3940 which could

prescribed regimen. Depression is common in PD and known to affect motivation and decision-making,
explain why PwPD with higher levels of depressive symptoms are more likely to modify their medication without
consulting a healthcare provider. This highlights the need for mental health interventions alongside educational strategies
to improve adherence, particularly for PWPD at risk of intentional non-adherence.*’®

One of the key implications of our findings is that the hospital discharge period appears to be a critical time for
interventions aimed at improving adherence. Both modification of and knowledge about medication improved after
discharge, suggesting that patients may benefit from the structured environment and increased attention to their care during
their hospital stay. However, once PwPD return to the outpatient setting, the support and oversight they received in the
hospital may diminish, leading to potential declines in adherence if appropriate follow-up interventions are not in place.

The differences between adherence behaviors in the hospital and after discharge raise important considerations for
designing interventional trials. Measures of adherence taken during a hospital stay may not accurately reflect patients’
long-term behavior once they return to their normal routines. Therefore, interventions aimed at improving adherence
should be tailored to the outpatient setting, where PwPD are more likely to face challenges related to medication
management, such as reduced access to healthcare professionals, lack of caregiver support, or increased burden from
managing multiple medications.

The findings from this study have important implications for developing tailored interventions to improve medication
adherence in PwPD:

First, our results suggest that educational interventions (eg, as part of PD-MCT) that focus on improving patients’
knowledge about their medications can often be effective and should be a key component of general discharge planning.
These interventions should emphasize the importance of following the prescribed regimen and address any misconcep-
tions PWPD may have about their medications.’” Given the significant improvement in knowledge after discharge,
continuing education in the outpatient setting through follow-up appointments or telemedicine could help sustain these
gains over time.

Second, addressing depressive symptoms is critical for improving adherence, particularly for intentional non-
adherence. Depression-specific interventions, such as counseling, psychotherapy, or antidepressant medications, should
be integrated into the care plan for PwPD, especially those who show signs of depressive symptoms. By improving mood
and motivation, these interventions may reduce the likelihood of PwPD modifying their medication regimens without
consulting their healthcare providers.*’

Finally, the persistence of forgetfulness as a form of non-adherence highlights the need for practical strategies to
support medication-taking behavior in PwPD with cognitive impairments. Interventions such as the use of assistive
technologies (eg, medication reminder apps), involvement of caregivers in medication management, and simplifying
medication regimens (eg, using long-acting formulations) could help mitigate the impact of forgetfulness on adherence.’’
It is therefore important to adopt a medication regime that is tailored to the individual needs of those affected, and which
they can realistically take on a regular basis. In order to achieve this objective, it is imperative to consider both the PD-
specific medication and the plethora of medications prescribed for individual comorbidities. Reducing polypharmacy is
a key factor in improving medication adherence.>”*!

The main strength of our study is that it investigated different forms of medication adherence longitudinally in PwPD.
This study is the first that differentiates between intentional and unintentional non-adherence and examines how each
form changes over time in PwPD. However, despite the valuable insights gained from this study, there are several
limitations that should be acknowledged: First, the study relied on self-reported measures of adherence, which are subject
to biases such as social desirability and recall bias. PwPD may have underreported their non-adherence due to the desire
to appear compliant, or they may have difficulty accurately recalling their medication-taking behavior, particularly if they
have cognitive impairments. Second, while we explored the influence of several PD-related factors on adherence, we did
not investigate other potentially important variables that could affect adherence, such as certain life circumstances (eg,
stressful life events, lifestyle), other relevant medical conditions or diagnoses, social support, access to healthcare, or the
complexity of the medication regimen. These factors may play a significant role in adherence behavior, particularly in the
outpatient setting, and should be included in future studies. Third, the follow-up period in this study was limited to six
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months, which may not be sufficient to capture long-term changes in adherence. Future studies should include longer
follow-up periods to examine whether the improvements observed after discharge are sustained over time or whether
adherence begins to decline as PwPD adjust to life outside the hospital. Finally, our study population consisted of PwPD
who were initially admitted to the hospital for PD-MCT, which may limit the generalizability of our findings to other
populations. PwPD with less severe disease or those who do not receive such intensive treatment may exhibit different
adherence behaviors, and future research should explore adherence trajectories in a broader range of PwPD.

Conclusion

In conclusion, this study highlights the dynamic nature of medication adherence in PwPD and provides important insights
into how different forms of non-adherence change over time. The findings suggest that while educational interventions
are effective in improving knowledge and reducing intentional non-adherence, addressing depressive symptoms and
cognitive impairments is crucial for improving overall adherence. Tailored interventions that combine education, mental
health support, and practical strategies for managing cognitive impairments are likely to be most effective in promoting
long-term adherence in PwPD. In addition to the ongoing efforts to optimize the medication regimen, future research
should continue to explore the factors influencing adherence behavior and develop targeted strategies to support PWPD in
maintaining adherence throughout the course of their disease.
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