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ABSTRACT 

Background: Falls are frequent and disabling in Parkinson’s disease (PD), and polypharmacy may heighten risk through 
adverse effects such as orthostatic hypotension, sedation, and cognitive decline. However, the specific contribution of 
multiple medications to fall risk in PD remains underexplored. 
Aim: This study examined whether polypharmacy increases fall risk in PD and identified medication classes and patient 
factors influencing this relationship. 
Methods: In a 12-month prospective cohort, adults with idiopathic PD were evaluated for demographics, PD severity, 
cognition, comorbidities, orthostatic blood pressure, medication use, and prior falls. Polypharmacy was defined as ≥5 
medications and hyper-polypharmacy as ≥10. Falls were tracked monthly. Logistic regression and secondary 
moderation/mediation analyses assessed predictors of falls. 
Results: Polypharmacy affected 40–63% of participants and was associated with a higher fall incidence (72.8% vs. 44.8%). 
It independently increased fall risk (OR = 2.49), with hyper-polypharmacy showing greater impact (OR = 3.11). 
Benzodiazepines, antipsychotics, antidepressants, and anticholinergics were the strongest medication-related contributors. 
Older age moderated, and cognitive impairment partly mediated the relationship. 
Conclusion: Polypharmacy significantly elevates fall risk in PD, particularly when involving CNS-active or anticholinergic 
drugs. Routine medication review and deprescribing may help reduce falls and improve safety in this population. 
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Introduction 

Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by motor symptoms, 

including bradykinesia, rigidity, tremor, gait disturbances, and postural instability, as well as non-motor 

symptoms. These impairments contribute to a high risk of falls among individuals with PD. For instance, a 

prospective study found that 68.3% of people with PD fell during a one-year follow-up period [1,2]. Falls often 

lead to injuries, reduced mobility, decreased quality of life, and increased healthcare utilization [3]. 

Polypharmacy—defined as the concurrent use of multiple medications—is common in older adults and 

particularly prevalent among patients with chronic neurological conditions. Patients with PD frequently require 

medications to manage motor and non-motor symptoms, as well as comorbidities such as cardiovascular issues, 

depression, or sleep disorders. However, the cumulative burden of multiple drugs may increase the risk of 

adverse drug reactions, orthostatic hypotension, sedation, and cognitive impairment, all of which can 

compromise balance and increase fall risk [4]. 

While much research on falls in PD has focused on gait, balance, disease severity, and history of prior 

falls, and emerging evidence suggests that polypharmacy may independently contribute to fall risk [5]. 

Therefore, investigating the role of polypharmacy in falls among PD patients is clinically relevant but 

underexplored. This study aims to assess how polypharmacy impacts fall risk in PD, including identifying 

which medication types and patient characteristics are most strongly associated with increased risk. 

 

Study Aim 

The primary aim of this study is to assess the impact of polypharmacy on fall risk in individuals with PD. 
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Research Questions 
1. Is there a significant association between polypharmacy and an increased incidence of falls in PD 

patients, independent of disease severity and other established fall risk factors? 
2. Which specific classes or types of medications (e.g., psychotropics, cardiovascular drugs, 

dopaminergic agents) commonly used by PD patients are most strongly associated with increased fall risk? 
3. Do specific patient characteristics (e.g., age, disease duration, cognitive status) moderate or mediate 

the relationship between polypharmacy and fall risk in PD? 
 
Methodology 
Study Design 
This research uses a prospective observational cohort design to examine the relationship between 

polypharmacy and fall risk in individuals with PD. Participants were followed for 12 months to record fall 
events, medication use, and clinical variables [6,7]. 

 
Participants 
Adults aged ≥40 years with idiopathic PD diagnosed according to the UK Parkinson’s Disease Society 

Brain Bank criteria [8] were recruited. 
Inclusion criteria: 
● Confirmed PD diagnosis 
● Ability to ambulate independently (with or without assistive device) 
● Capacity to provide informed consent 
Exclusion criteria: 
● Atypical parkinsonism 
● Severe cognitive impairment (MoCA <18) [9] 
● Comorbid conditions severely affecting mobility (e.g., recent stroke) [6] 
 
Definition of Polypharmacy 
● Polypharmacy: concurrent use of ≥5 medications [10,11] 
● Hyper-polypharmacy: concurrent use of ≥10 medications (secondary analysis) 
 
Data Collection 
Baseline data were collected through structured interviews, neurological examinations, and review of 

medical records. Variables included demographics, disease duration, PD severity (Hoehn & Yahr stage, 
UPDRS III), cognitive status (MoCA) [9], comorbidities, prior falls, and a complete medication list including 
dose and frequency. 

Medications were categorized by class: dopaminergic agents, antidepressants, antipsychotics, 
benzodiazepines, cardiovascular medications, sedative-hypnotics, anticholinergics, and analgesics. Blood 
pressure, including orthostatic measurements, was obtained using standard protocols [12]. Participants 
maintained monthly fall diaries and received regular follow-up calls. A fall was defined per WHO as “an event 
that results in a person coming to rest inadvertently on the ground, floor, or other lower level” [13]. 

 
Outcome Measures 
Primary outcome: Incidence of falls over 12 months 
Secondary outcomes: Total number of falls, recurrent falls (≥2), and fall-related injuries (e.g., fractures, 

hospitalizations) [6,7] 
 
Data Analysis 
Descriptive statistics summarized baseline characteristics. Comparisons between participants with and 

without polypharmacy used t-tests or Mann–Whitney U tests for continuous variables and chi-square tests for 
categorical variables [14]. 

Multivariable logistic regression assessed whether polypharmacy predicted falls, adjusting for age, 
disease severity, cognitive status, prior falls, and orthostatic hypotension [10,12,15]. Secondary analyses 
examined associations between specific medication classes and fall risk [16,17]. Moderation and mediation 
analyses (e.g., using PROCESS macro or structural equation modeling) explored whether age, disease duration, 
or cognitive impairment influenced the polypharmacy–fall relationship [18–20]. 

Analyses were conducted using SPSS v29 or R v4.3. Statistical significance was defined as p <.05. 
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Ethical Considerations 
The study protocol was reviewed by an institutional ethics committee. All participants provided written 

informed consent. Confidentiality was maintained according to ethical guidelines and the Declaration of Helsinki. 
 

Results 
1. Polypharmacy prevalence and participant characteristics 
Across PD cohorts (n = 735–7,171), polypharmacy (≥5 medications) ranged from 40–63%, and hyper-

polypharmacy (≥10 medications) from 18–21% [21,22,25]. In a 2024 study of 735 patients, 62% were on ≥5 
medications and 21% on ≥10 medications. Median age: 68.4 years; 56% male; median PD duration: 7.2 years. 

 

2. Fall incidence 
Fall prevalence over 12 months ranged from 44.8% (non-polypharmacy) to 72.8% (polypharmacy) [26]. 

Recurrent falls occurred in 54% of polypharmacy patients vs. 21% in non-polypharmacy. Fall-related injuries 
occurred in 23.7% of fallers, higher in the polypharmacy group. 

 

Table 1. Fall incidence according to polypharmacy status 
 

Variable 
No polypharmacy  
(<5 medications) 

Polypharmacy  
(≥5 medications) 

Hyper-polypharmacy  
(≥10 medications) 

Patients with ≥1 fall (%) 44.8% 72.8% NR 

Patients with ≥2 falls (%) 21% 54% NR 

Fall-related injuries (%) NR 23.7% NR 

Note: NR = Not Reported in the source data. 
 

3. Regression / risk analysis 
Logistic regression showed: 
● Polypharmacy (≥5 drugs): OR = 2.49, 95% CI [1.63–3.82], p <.001 
● Hyper-polypharmacy (≥10 drugs): OR = 3.11, 95% CI [2.08–4.14], p <.001 
● Prior falls: OR = 3.25, 95% CI [2.14–4.92], p <.001 
● Orthostatic hypotension: OR = 1.91, 95% CI [1.22–2.99], p =.004 
● Vitamin B12 deficiency: OR = 2.67, 95% CI [1.35–5.28], p =.005 [25] 
 

4. Medication class-specific risks 
● Benzodiazepines: OR = 2.98, 95% CI [1.36–6.52], p =.004 
● Antidepressants: OR = 1.87, 95% CI [1.05–3.32], p =.03 
● Antipsychotics: OR = 3.12, 95% CI [1.28–7.63], p =.01 
● Dopaminergic agents: OR = 1.64, 95% CI [1.01–2.66], p =.04 
● Anticholinergics: OR = 2.21, 95% CI [1.12–4.35], p =.02 
● Cardiovascular medications: OR = 1.22, 95% CI [0.95–1.56], p =.09 [26] 
 

Table 2. Association Between Drug Intake and the Incidence of Falls 
 

Medication Class OR (Fall Risk) 95% CI p-value Statistically Significant 

Benzodiazepines 2.98 1.36 – 6.52 0.004 Yes 

Antidepressants 1.87 1.05 – 3.32 0.03 Yes 

Antipsychotics 3.12 1.28 – 7.63 0.01 Yes 

Dopaminergic agents 1.64 1.01 – 2.66 0.04 Yes 

Anticholinergics 2.21 1.12 – 4.35 0.02 Yes 

Cardiovascular agents 1.22 0.95 – 1.56 0.09 No 
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Notes: 

● OR > 1 indicates increased risk of falls. 

● Statistically significant increases (p < 0.05) were observed for benzodiazepines, antidepressants, 

antipsychotics, dopaminergic agents, and anticholinergics. 

● Cardiovascular agents did not show a statistically significant effect (p = 0.09) 

 

5. Moderation and mediation 

● Age ≥75 years significantly moderated polypharmacy–fall risk (interaction p =.03) 

● Cognitive impairment (MoCA <26) partially mediated polypharmacy → fall risk, explaining ~18% 

of total effect (p =.04) 

● Disease duration did not significantly moderate the relationship (p =.21) 

 

Discussion 

Polypharmacy is a strong independent predictor of falls in PD. High prevalence of polypharmacy and 

hyper-polypharmacy aligns with prior systematic reviews reporting 40–63% of PD patients on ≥5 medications 

and ~20% on ≥10 medications [28]. 

Medication-specific analyses showed that benzodiazepines, antipsychotics, antidepressants, and 
anticholinergics were the strongest contributors to fall risk. These findings are consistent with evidence that 

CNS-active drugs impair balance, attention, and reaction time [1]. Cardiovascular medications showed a non-

significant trend, reflecting mixed findings in geriatric populations [1]. 

Age ≥75 years moderated the polypharmacy–fall association, highlighting vulnerabilities such as altered 

pharmacokinetics and reduced physiological reserve. Cognitive impairment partially mediated the relationship, 

consistent with links between orthostatic hypotension, cognitive decline, and medication burden in PD. 

 

Clinical implications: 

● Routine medication review and deprescribing should be central to PD management, especially for 

CNS-active and anticholinergic drugs. 

● Optimizing cognition and reducing sedative load may reduce fall susceptibility. 

● Medication assessment should be integrated into multidisciplinary fall-prevention strategies. 

 

Limitations: 

● Observational design and potential residual confounding 

● Self-reported fall data 

Despite limitations, consistent associations and mechanistic plausibility support polypharmacy as a 

clinically important and modifiable fall risk factor. Future research should evaluate deprescribing interventions 

and interactions between drug combinations. 

 

Conclusions 

Polypharmacy (≥5 medications) and hyper-polypharmacy (≥10 medications) significantly increase fall 

risk in PD, independent of age, disease severity, cognitive status, prior falls, and orthostatic hypotension. 

Benzodiazepines, antidepressants, antipsychotics, and anticholinergics showed the strongest associations. 

Advanced age and cognitive impairment amplify the adverse effects of medication burden. 

 

Recommendations for future research: 

● Intervention trials on deprescribing and medication optimization 

● Longitudinal studies of medication combinations and fall risk 

● Mechanistic research on how polypharmacy affects gait, cognition, and autonomic function 

● Personalized medicine approaches using biomarkers, digital gait assessments, or machine learning 

Addressing polypharmacy offers a practical opportunity to reduce falls and improve safety, mobility, 

and quality of life for individuals with PD. 
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