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ABSTRACT

Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by motor and nonmotor symptoms
requiring long-term, multidisciplinary care. Pharmacologic management is central to disease control, yet the complexity
of available therapies, timing sensitivity of dopaminergic agents, drug—disease interactions, and frequent medication
adjustments create substantial challenges for clinicians and patients. Pharmacists have increasingly emerged as essential
contributors in managing these complexities. This professional review synthesizes quantitative and qualitative evidence
from randomized controlled trials, systematic reviews, workflow optimization studies, and observational research to
evaluate the impact of pharmacist-delivered clinical services across inpatient, outpatient, community, and telehealth
settings. Evidence from the articles provided shows that pharmacist involvement significantly reduces medication
errors, improves motor and non-motor symptom control, enhances adherence, prevents adverse drug events, and
strengthens patient education. Furthermore, the review critically appraises the methodological strengths and limitations
of the available literature and explores future directions for pharmacist integration into PD care models. This article
expands upon current knowledge by incorporating advanced analysis on pharmacologic strategies, transitions of care,
medication safety systems, and the evolving therapeutic landscape. The findings support the conclusion that
pharmacists are indispensable to optimizing therapeutic outcomes in PD and should be systematically integrated into
specialty care pathways.

Keywords: Parkinson’s disease (PD),Pharmacist-led interventions, Medication error prevention, Polypharmacy,
Adherence optimization, Adverse drug events (ADEs),Multidisciplinary care models, Dopaminergic therapy
management
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INTRODUCTION

Parkinson’s disease (PD) is a chronic, progressive
neurodegenerative disorder primarily characterized
by degeneration of dopaminergic neurons in the
substantia nigra. It affects more than 10 million
people globally and places substantial physical,
emotional, and economic burdens on patients,
caregivers, and health systems. The multifaceted
nature of PD—encompassing motor symptoms,
cognitive decline, gastrointestinal dysfunction,
autonomic instability, mood disorders, and sleep
disturbances— necessitates complex therapeutic
strategies and ongoing monitoring. Pharmacologic
treatment remains the cornerstone of PD

management, and while levodopa is the most effective

therapy, its optimal use requires precision in timing,
dose titration, and long-term balancing against
dyskinesia’s and motor fluctuations.

1.1 Complexity of PD Pharmacotherapy

The pharmacologic armamentarium for PD has
expanded considerably, now including:

e Dopamine precursors (levodopa/carbidopa)
e Dopamine agonists

e MAO-B inhibitors

e COMT inhibitors

e Anticholinergics

e Amantadine formulations

e Adenosine A2A antagonists
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e Continuous infusion therapies

These agents differ in pharmacokinetic profiles,
dosing frequency, side-effect burdens, and interaction
patterns. Motor fluctuations become increasingly
common as PD progresses, leading to frequent
therapy  adjustments. = Meanwhile, non-motor
symptoms often require additional drugs that may
worsen PD symptoms or interact with dopaminergic
therapy. Research from the International Journal of
Pharmacy Practice shows that patients experience
considerable difficulty understanding their regimens,
remembering doses, and adjusting medications
appropriately, especially as cognitive decline emerges

(1).

1.2 Risk of Medication Errors and Adverse Drug
Events

Multiple studies—including those from Frontiers in
Pharmacology and BMJ—document significant
medication error rates in PD care, particularly during
hospitalization where rigid medication administration
schedules clash with standardized medication rounds.
The RCT in tertiary care settings highlights that
inappropriate medication selection, timing delays, and
dose omissions contribute to symptom exacerbation,
falls, neuropsychiatric complications, and extended
length of stay (2,3).

Contraindicated drugs frequently prescribed to PD
patients include:

e Typical antipsychotics (e.g., haloperidol)
e Prokinetic agents (metoclopramide)
e Certain antiemetic’s (prochlorperazine)

These drugs antagonize dopamine pathways and can
precipitate severe rigidity, confusion, and neuroleptic
malignant syndrome-like reactions.

1.3 The Emerging Role of Pharmacists

Pharmacists possess specialized knowledge in:

e pharmacokinetics and pharmacodynamics
e adverse drug event (ADE) detection

e drug-interaction screening

e adherence and behavioural interventions
e medication safety system design
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These competencies position pharmacists ideally to
address the Pharmacotherapeutic complexities of PD.
Evidence shows that pharmacists contribute
to optimizing levodopa therapy,
synchronizing dose timing, screening for
contraindicated drugs, and delivering individualized
patient education. Movement disorder clinics with
integrated pharmacists report improved patient
satisfaction, reduced ADEs, and enhanced therapy
optimization, as outlined in studies published by BMJ
and the Pharmaceutical Journal (4,5).

meaningfully

1.4 Rationale for a Comprehensive Professional
Review

Despite growing recognition of the pharmacist’s role,
the extent of available evidence, implementation
models, and impact across care settings remains
fragmented. A synthesis that critically evaluates
outcomes, workflow innovations, interdisciplinary
interventions, and future directions is needed. The
present review bridges this gap by:

e consolidating evidence from the provided studies

e offering methodological critique

e contextualizing interventions within modern PD
treatment realities

e proposing future professional practice models

e supplementing findings with expanded analysis
suitable for clinical publication

The following sections present a detailed exploration
of the literature, focusing on evidence strength,
intervention types, and their impact on patient
Tables, charts,
provided to support practical implementation.

outcomes. and frameworks are

2. Pathophysiology and Pharmacotherapeutic
Foundations of Parkinson’s Disease

Parkinson’s  disease (PD) is
characterized by the progressive degeneration of

dopaminergic neurons in the substantia nigra pars

predominantly

compacta, leading to depletion of dopamine in the
striatum. This disruption of the basal ganglia circuitry
results in the classical motor symptoms: bradykinesia,
rigidity, resting tremor, and postural instability.
However, PD is now widely recognized as a
with
pathology extending beyond the nigrostriatal pathway

multisystem  neurodegenerative  disorder,
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into the brainstem, limbic system, autonomic nervous
system, and even peripheral tissues such as the gut.

2.1Dopaminergic and  Disease

Progression

Pathways

Dopamine’s impact on motor control is mediated
through the direct and indirect basal ganglia

pathways:

e The direct pathway facilitates movement,
activated by dopamine via D1 receptors.

e The indirect pathway inhibits movement,

modulated by dopamine via D2 receptors.

Loss of dopaminergic input results in excessive
inhibitory output from the basal ganglia, producing
slowed, effortful movement. As neurodegeneration
progresses, compensatory mechanisms—including up
regulation of dopamine receptors and altered
glutamatergic  signaling—contribute to  motor
fluctuations and dyskinesia’s, which complicate
pharmacologic therapy. Non-motor symptoms (NMS)
reflect degeneration in serotonergic, noradrenergic,
cholinergic, and These
symptoms—such as REM sleep behavior disorder,
constipation, orthostatic  hypotension, apathy,
depression, and cognitive impairment—often emerge
years before motor symptoms and require distinct

autonomic  circuits.

therapeutic approaches.

2.2Pharmacologic Classes Used in PD

Management

Modern PD treatment involves several drug classes,
each with unique mechanisms and challenges:

Levodopa (L-DOPA)

Levodopa remains the gold standard, converted to
dopamine in the CNS. Co-administration with
carbidopa inhibits peripheral metabolism, reducing
nausea and hypotension.

Challenges:

o  Short half-life — frequent dosing
e Peak-trough variability

e Interaction with dietary protein

e Development of dyskinesia’s
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Dopamine Agonists

Pramipexole, ropinirole, and
dopamine at D2/D3 receptors.

rotigotine mimic

Benefits: Reduce “off” periods, used early in disease

Risks: Impulse-control disorders, hallucinations,

edema, sleep attacks
MAO-B Inhibitors

Selegiline, rasagiline, safinamide delay dopamine
breakdown. Clinical considerations: modest motor
benefits, adjuncts COMT Inhibitors
Entacapone, opicapone prolong levodopa effect by

useful

inhibiting peripheral metabolism.
Amantadine

Provides modest symptomatic benefit and reduces
dyskinesia (especially ER formulations). Adenosine
A2A Antagonists

Istradefylline offers benefits for “off” episodes
without worsening dyskinesia. Advanced Therapies

e Levodopa-carbidopa
infusion

intestinal gel (LCIG)

e Subcutaneous apomorphine infusion or rescue
injections

e Deep brain stimulation (DBS)

These options require careful patient selection and
multidisciplinary management.

2.3 Pharmacotherapeutic Challenges

Despite the wide array of drugs, treatment remains
challenging:

1. Short half-life
especially levodopa.
2. Drug—drug interactions (e.g., serotonergic agents
— risk of serotonin syndrome with MAO-B
inhibitors).

3. Contraindicated drugs are frequently prescribed to
PD patients (haloperidol, metoclopramide).

drugs require strict timing,

4. Polypharmacy rises sharply as NMS accumulate.
5. Motor complications demand individualized
titration across disease stages.

6. Hospital stays amplify risk of medication errors.
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These complexities make PD one of the most
medication-sensitive chronic neurological diseases—
highlighting the necessity of pharmacist involvement.

3. Challenges in Parkinson’s Disease Medication
Management

The management of PD medications presents
formidable difficulties throughout the patient journey.
These challenges
provided literature, particularly in studies from
Frontiers in Pharmacology, International Journal of
Pharmacy Practice, and Europe PMC.

are well-documented 1n the

3.1 Timing-Critical Dosing

Among all chronic diseases, PD is one of the few in
which precise timing of medication administration is
essential to symptom control. Even delays of 15-30
minutes can provoke:

e painful muscle rigidity

e immobility or “freezing” episodes
e gait instability

o falls

e severe anxiety or panic

e autonomic dysfunction

The Frontiers article emphasizes that hospital
workflow systems—designed around standardized
medication rounds—often conflict with
individualized PD regimens. This mismatch results in
some of the highest inpatient medication error rates

across chronic diseases.

3.2 High-Risk
Administered

Medications Frequently

Numerous studies identify persistent prescribing of
contraindicated medications to PD patients:

Drug Class Examples Clinical Hazard
Typical antipsychotics haloperidol worsen parkinsonism, precipitate rigidity
Antiemetic metoclopramide, dopamine antagonism
prochlorperazine
Anticholinergics (in elderly) benztropine delirium, constipation, urinary retention
Anti-nausea drugs promethazine sedation, worsening mobility

These errors occur in hospital wards, emergency
departments, and community practice— reinforcing
the need for pharmacist review.

3.3 Polypharmacy and Complex Regimens

The scoping review by Oxford Academic highlights
that PD patients often take 10—16 medications daily.
Contributors include:

e motor symptom therapies

o NMS-specific agents

e treatments for comorbid chronic diseases

e supplements and over-the-counter medications
Polypharmacy increase risks of:

e cognitive decline

e orthostatic hypotension

o falls

e constipation

e drug—drug interactions (e.g., serotonergic drugs +
MAO-B inhibitors)
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Pharmacists excel in identifying unnecessary,

duplicative, or harmful medications.
3.4 Adherence Barriers

Adherence in PD is among the lowest across
neurological disorders due to:

e memory impairment

e depression or apathy

o difficulty swallowing tablets
e complex dosing intervals

e variable meal interactions

o side effects

Non-adherence is associated with worsening motor

fluctuations, higher hospitalization rates, and
caregiver burnout.
3.5 Fragmented Transitions of Care
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Transitions between home, hospital, rehabilitation,
and outpatient clinics are critical points where
medication discrepancies occur. These include:

e omitted PD medications

e incorrect dosing frequencies

e changes to timing that destabilize control
medications at

e failure to restart essential

discharge

Pharmacists play a central role in medication
reconciliation and ensuring continuity of PD therapy.

4. Pharmacists’ Roles Across Care Settings

Pharmacists play pivotal roles across the continuum
of Parkinson’s disease (PD) care. Their contributions
vary according to the clinical setting—hospital,
outpatient neurology clinics, community pharmacies,
long-term care facilities, telemedicine networks, and
specialty multidisciplinary teams. Evidence from the
provided literature consistently supports that
pharmacist involvement is associated with fewer
errors, improved clinical outcomes, enhanced patient
engagement, and strengthened interdisciplinary care
coordination (2,4-7). The following subsections
provide a comprehensive examination of pharmacist
responsibilities, cross-referenced with published data,
followed by a deeper evaluation of the unique
advantages and limitations of  pharmacist
interventions in each setting.

4.1 Pharmacists in Inpatient Care

Hospitalization poses a major threat to PD patients’

clinical stability. Pharmacists are crucial for
addressing unique risk factors associated with acute
non-titrated  medication

admissions, including

schedules, omission of time-critical doses,
inappropriate substitution of home medications, and

exposure to dopamine-blocking drugs.
4.1.1 Medication Reconciliation and Verification

Upon admission, pharmacists conduct in-depth

medication reconciliation—often identifying:

e inaccurate dosing histories
e unrecorded PRN therapies
e discontinued medications mistakenly resumed

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

e missed advanced therapies (e.g., LCIG pumps,
apomorphine infusions)
e incorrect conversions between formulations

Studies from Frontiers (2) show that pharmacist-led
reconciliation significantly reduces admission errors
and prevents use of contraindicated medications.

4.1.2 Ensuring Time-Critical Dosing of Levodopa

One of the most impactful responsibilities of hospital
pharmacists is ensuring timing-accurate levodopa
administration. Pharmacists contribute by:

e embedding PD-specific parameters in the EMR

e labeling levodopa orders as “time-critical
medication”

e instructing nursing staff on PD-specific timing
windows

e creating individualized medication schedules for
patients with complex regimens

e designing automated alerts for delayed doses

The Frontiers workflow optimization study
demonstrated that the introduction of pharmacist
designed scheduling protocols reduced levodopa
delays by more than 50%, improved motor symptom
stability, and significantly reduced “off” episodes (2).

4.1.3 Preventing Dopamine-Antagonist Exposure

Hospitalists or emergency clinicians may accidentally
prescribe dopamine-blocking drugs. Pharmacists
intervene to stop or replace:

e haloperidol

e risperidone (high dose)
e metoclopramide

e prochlorperazine

e promethazine

Their vigilance prevents severe parkinsonism
exacerbation and neuroleptic malignant syndrome-
like crises.

4.1.4 Management of Advanced Therapies

Patients on LCIG pumps or apomorphine infusions
require specialized oversight. Pharmacists ensure:

e correct pump settings
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e availability of backup cartridges

e understanding of infusion stability and storage

e prevention of incompatibilities with hospital
formulary substitutes

4.2 Pharmacists in Qutpatient Movement Disorder
Clinics

Outpatient or specialty neurology clinics benefit
significantly from pharmacist involvement. Evidence
from BMJ and PMC shows that pharmacist—physician
collaboration improves motor symptoms, nonmotor
symptom management, regimen appropriateness, and
adherence (5,7).

4.2.1 Comprehensive Medication Reviews (CMRs)

A CMR conducted by a pharmacist address:

e drug—drug interactions

o duplicate therapies

e inappropriate polypharmacy

e side effect profiling

e under-treatment of non-motor symptoms

e levodopa optimization strategies

e formulation adjustments (e.g., switching from IR
to CR or dispersible formulations)

4.2.2 Motor and Non-Motor Symptom Assessment

Pharmacists assist neurologists by:

e administering validated scales (e.g., UPDRS,
NMSS)

e documenting changes in symptoms between visits

e flagging worsening symptoms that indicate need
for therapy adjustment

orthostatic

e monitoring hypotension,

hallucinations, dyskinesia’s
4.2.3 Education and Behavioural Interventions

Patient counselling is one of the most effective
pharmacist interventions. Pharmacists provide:

e detailed levodopa timing instructions

e guidance on protein—medication interactions
e strategies to reduce missed doses

e fall-risk education

e caregiver support instruction

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

Qualitative feedback from BMJ studies reports high
patient satisfaction and confidence in medication
management (5).

4.2.4 Therapy Optimization
Pharmacists routinely assist in fine-tuning regimens:

e suggesting COMT inhibitors to reduce “off”
periods

o withdrawal of sedative medications worsening
cognition

e managing psychosis with PD-safe antipsychotics
(e.g., pimavanserin)

e titration advice for dopamine agonists

Physicians report that pharmacist participation

improves visit efficiency and clinical decision

accuracy.

4.3 Community Pharmacists and Long-Term Care

Community pharmacists are the most accessible
medication experts for PD patients. The
Pharmaceutical Journal emphasizes their importance
as front-line professionals capable of identifying early
medication issues, preventing hospitalizations, and
supporting adherence (6,8).

4.3.1 Medication Management and Monitoring
Community pharmacists routinely:

e review drug profiles for contraindications
e assess refill patterns to detect non-adherence
e suggest formulations  for

dysphagia

device-friendly

e monitor for worsening motor symptoms or
hallucinations

e recommend OTC therapies appropriate for PD
(e.g., constipation management)

4.3.2 Role in Long-Term Care Facilities

In long-term care environments, pharmacists
contribute to:
e minimizing anticholinergic load
e reducing fall-risk medications
e monitoring psychotropic use
e ensuring accurate timing of levodopa
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e staff training on PD medication administration

Given the high prevalence of cognitive decline in PD,
these settings benefit significantly from pharmacist
oversight.

4.4 Telepharmacy and Digital Health Integration

Telemedicine has revolutionized chronic disease
management, and PD is no exception. Telepharmacy
services offer:

e virtual medication reviews

e home-based adherence monitoring

e remote education

e digital reminders and smartphone-based timing
support

e evaluation of medication-related side effects via
video consultation

Studies emphasize the potential of telepharmacy to
improve continuity of care, reduce travel burden, and
maintain medication accuracy during telehealth
visits—an especially valuable feature for PD patients
with mobility impairments.

5. Evidence Pharmacist-Led
Interventions

Synthesis  of

This section integrates findings from the randomized
controlled (RCT), systematic
observational studies, and workflow analyses to

trial reviews,

evaluate the impact of pharmacist involvement.
5.1 Randomized Controlled Trial Evidence

The RCT published in PMC (7) provides high-quality
evidence demonstrating that pharmacist— physician
collaboration leads to:

e Significant improvement in motor symptom
scores

e Reduced medication errors

e Enhanced adherence through education

e Better self-reported quality of life

e JLower rates of inappropriate medication
prescribing
The trial also highlights that pharmacist

recommendations were accepted by neurologists in a

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

large  majority of
interdisciplinary synergy.

cases, showing strong

5.2 Systematic Review Findings

The Europe PMC meta-analysis (1) synthesizes
several studies and concludes:

1. Pharmacist interventions reduce
medication-related problems.

2. Hospital-based pharmacist programs decrease use
of dopamine-antagonist drugs.

3. Outpatient pharmacist clinics improve medication

significantly

appropriateness and satisfaction.

4. Pharmacist education programs reduce error rates
among nursing staff.

5. Telepharmacy services demonstrate feasibility and
strong patient acceptance.

5.3 Observational Workflow Studies

(Frontiers, BMJ)

and

Frontiers (2) demonstrates:

e 40-60% reduction in delayed levodopa doses

e improved staff awareness of PD medication
timing

e reduced hospitalization complications

o fewer “off” episodes and better mobility scores
The BMJ clinic study (5) shows:

e improved understanding of medication regimens

e fewer reported medication issues

e Dbetter symptom tracking

e increased patient empowerment in self-care

5.4 Critical Appraisal
Strengths of the literature:

e Multiple settings evaluated (inpatient, outpatient,
community)

e RCT evidence available

e Consistent findings across studies

e Clear clinical relevance Limitations:

e Sample sizes are often small

e Many studies rely on self-reported outcomes

e Limited long-term follow-up

e Need for cost-effectiveness evaluations

6. Advances in the Pharmacological Management
of Parkinson’s Disease
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Parkinson’s disease pharmacotherapy has evolved
considerably over the past two decades. While
levodopa remains the cornerstone of treatment, a
variety of new formulations, adjunct therapies, and
advanced delivery systems have emerged to address
motor  fluctuations,  dyskinesia’s, and the
multisystemic nature of PD. Pharmacists play a
critical role in evaluating suitability, optimizing
dosing, and ensuring patient safety as these treatments
evolve.

6.1 Innovations in Levodopa Formulations
6.1.1 Extended-Release Levodopa (ER)

Extended-release (ER) levodopa formulations smooth
plasma concentration curves, reducing peak— trough
fluctuations that contribute to “off” periods and
dyskinesia. ER products require careful conversion
(IR)
pharmacists ensure proper titration, counsel patients
on onset differences, and address misconceptions
about “failed” efficacy during transitions.

from immediate-release levodopa, and

6.1.2Dispersible
Preparations

and Soluble Levodopa

For patients with dysphagia, gastroparesis, or
morning akinesia, dispersible levodopa formulations
offer
Community pharmacists frequently recommend such
formulations to patients experiencing difficulty

faster onset and easier administration.

swallowing conventional tablets.
6.1.3 Levodopa—Carbidopa Intestinal Gel (LCIG)

LCIG
absorption and is
fluctuations resistant to oral therapy. Pharmacist

infusion provides continuous intestinal

effective for severe motor

responsibilities include:

e monitoring infusion stability

e preventing adhesion or tubing blockages
e cducating patients on pump care

e ensuring correct cartridge storage

e coordinating home infusion services

6.2 Dopamine Agonists and Risk Management

Dopamine agonists (DAs) are essential adjuncts but
pose risks including:
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e impulse-control disorders (ICDs)
e hallucinations

e somnolence and sleep attacks

e peripheral edema

Pharmacists screen for risk factors, counsel patients
and caregivers, and facilitate prompt dose reduction
or discontinuation when ICD symptoms emerge.

6.3 MAO-B Inhibitors and Newer Formulations

Safinamide has expanded the MAO-B inhibitor class
by offering:

e dual MAO-B inhibition

e glutamatergic modulation benefits

e improvement in “off” time without worsening
dyskinesia

Pharmacists often identify drug—drug interaction risks
with antidepressants and serotonergic agents,
adjusting regimens to prevent serotonin syndrome.

6.4 Adenosine A2A Receptor Antagonists

Istradefylline provides targeted control of “off”
episodes by modulating striatal motor pathways.
Pharmacists ensure proper selection by reviewing:

e caffeine intake
e CYP1A1/1A2 interactions
e psychiatric history

6.5 Amantadine ER and Dyskinesia Control

Extended-release amantadine is now the leading
therapy for levodopa-induced dyskinesia. Pharmacist
involvement includes:

e renal dose adjustments

e monitoring for hallucinations

e evaluating sleep disturbances

e adjusting therapy around dialysis schedules

6.6 Apomorphine (Rescue and Infusion)

Apomorphine provides rapid rescue from severe “off”
episodes. Pharmacists ensure:

e proper test dosing
e antiemetic therapy (if indicated)
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e injection technique training
e safe storage of injection materials

6.7 Biotechnology, Novel Agents & Pipeline Drugs
Advances include:

e glutamate-modulating compounds

e serotonergic modulators targeting dyskinesia

e a-synuclein monoclonal antibodies (trial phase)
e neurotrophic factor delivery systems

e gene therapy approaches (AAV-mediated

dopamine biosynthesis support)

Pharmacists will be essential in dispensing,
monitoring, and educating patients as these become

clinically available.

7. Future Models of Pharmacist Integration in
Parkinson’s Disease Care

The expansion of PD therapeutic options, combined
with the complexity of advanced disease stages,
highlights the need for formalized pharmacist
integration in PD care pathways.

7.1 Pharmacist-Led PD Clinics

Pharmacist-led  clinics—already = common in
anticoagulation, diabetes, and heart failure—are
emerging for PD management.

include:

Responsibilities

e medication optimization

e screening for DDI and contraindications

e non-motor symptom management

e DE prescribing high-risk medications

e caregiver training

e advanced therapy prep (LCIG, DBS evaluation
support)

Evidence shows these clinics reduce neurologist
workload and increase patient adherence (5,7).

7.2Multidisciplinary Movement Disorder Teams
Teams increasingly include
pharmacists, physiotherapists,

neurologists,
occupational
therapists, social workers, and dietitians.

Pharmacists provide:
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medication expertise

e reconciliation during every visit

e variability management (tracking fluctuations)
e adverse event triage

e transition-of-care coordination

7.3 Telehealth and Remote Monitoring Systems
Pharmacists will increasingly deliver:

e remote medication optimization

e wearable sensor data interpretation
e digital adherence coaching

e Al-supported medication scheduling

Telepharmacy is particularly transformative for rural
PD patients.

7.4 Institutional Medication Safety Systems
Hospitals increasingly require:

e PD-specific EMR alerts

e “Do Not Give” lists for contraindicated drugs

e automated levodopa timing pathways

e PD emergency kits (e.g., dispersible levodopa

supply)

Pharmacists are central to designing and maintaining
these systems.

7.5 Advanced Therapy Pharmacists
Emerging specialists in LCIG, apomorphine, and

DBS therapy are already appearing in tertiary care
centre’s. Pharmacists may soon provide:

LCIG pump education

DBS medication management support
e infusion centre oversight

8. Expanded Discussion and Synthesis
A professional-level

review requires not only

reporting evidence but evaluating it within a broader
clinical and structural context.

8.1 Strengths of Pharmacist Integration

Across all studies, pharmacists consistently:
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e identify medication-related problems

e improve adherence

e optimize drug choice

e reduce inappropriate prescribing

e enhance education and self-management

e support vulnerable populations (e.g., cognitively
impaired)

Importantly, pharmacist recommendations are
accepted by neurologists at high rates, reflecting trust
and interdisciplinary compatibility.

8.2 Gaps in Current Research

The existing literature is
limitations:

promising but has

o few large-scale RCTs

e limited cost-effectiveness analyses

e inadequate exploration of digital interventions

e few studies in long-term care or homebound
patients

e scarce data on ultra-advanced therapies (DBS,
LCIG)

8.3 Policy and Training Implications

Countries with expanding scopes of practice for
pharmacists—such as the UK, Canada, and parts of
the US—show clearer pathways for PD pharmacists.
Post-graduate certifications in neurology or geriatrics
will soon become essential.

8.4 Where Pharmacists Have the Greatest Impact

Evidence consistently points to the three areas where
pharmacists produce the strongest improvements:

1. Inpatient timing optimization
2. Outpatient complex medication review
3. Community adherence support

These areas should be prioritized for resource
investment.

CONCLUSIONS

Pharmacists play an indispensable role in the
management of Parkinson’s disease (PD) across all
levels of care. Their contributions span inpatient
hospitals, outpatient specialty clinics, community

pharmacies, long-term care facilities, and
increasingly,  telehealth  platforms.  Evidence
consistently demonstrates that pharmacist-led
interventions:

e Reduce medication errors, particularly with time-
sensitive drugs such as levodopa.

e FEnhance adherence and patient engagement
through education and counselling.

e Optimize therapeutic regimens, including adjunct
therapies, advanced formulations, and complex
polypharmacy.

e Improve clinical outcomes, including motor and
non-motor symptom control and quality of life.

e Support interdisciplinary teams,
communication between physicians,
caregivers, and patients.

bridging
nurses,

Emerging therapies and digital tools further expand
pharmacists’ potential impact, allowing for remote
monitoring, telepharmacy, and advanced therapy
management (LCIG, apomorphine, DBS). Despite
strong evidence, gaps remain in large-scale RCTs,
long-term follow-up, and economic evaluations,
emphasizing the need for further research.

Key takeaway: Integration of pharmacists into PD
care pathways is not just beneficial but essential for
improving patient safety, optimizing therapy, and
enhancing quality of life. Policies and training
programs should focus on expanding pharmacists’
scope of practice, particularly in advanced therapy
management and telepharmacy platforms.

Table 1: Pharmacist Roles Across Care Settings

Care Setting

Key Roles of Pharmacists

Inpatient Hospital

Medication reconciliation, timing of levodopa,
avoidance of dopamine antagonists, monitoring

advanced therapies
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Outpatient Movement Comprehensive medication review,
Disorders optimization of therapy, patient education,
monitoring non-motor symptoms
Community Pharmacy Adherence monitoring, counselling, early
detection of side effects, dysphagia support
Long-Term Care Facilities Polypharmacy review, fall-risk management,
training nursing staff, timing of medications
Telepharmacy Remote monitoring, digital reminders, virtual
consultations, adherence support

Table 2: Common Pharmacist Interventions and Outcomes in PD

Intervention Qutcome Measures Evidence Source
Medication reconciliation | medication errors, 1 adherence Frontiers (2)
admission on
Timing optimization of levodopa | | “off” episodes, 1T motor function Frontiers (2)
Outpatient comprehensive | polypharmacy, 1 quality of life BMI (5)
medication review
Patient and caregiver counselling 1 adherence, 1 satisfaction BMJ (5)
Telepharmacy and digital 1 adherence, | travel burden Europe PMC (1)
support
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