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Abstract

This study aimed to examine prescribing trends for Parkinson’s disease (PD) medica-
tions in the United Kingdom from 2019 to 2024, focusing on the impact of guidelines
from the American Academy of Neurology (AAN) and the National Institute for Health
and Care Excellence (NICE) on the use of levodopa and dopamine agonists (DAs).
A repeated cross-sectional design was employed, using publicly available data to
assess prescribing patterns across the four UK countries. An interrupted time series
analysis with linear regression was performed to identify trends, comparing regions
with England as the reference point. Levodopa remained the most prescribed PD
medication across all UK regions, as revealed by the analysis. In England, levodopa
prescriptions increased significantly after the introduction of AAN guidelines, while
other regions displayed more stable trends. Northern Ireland exhibited a distinct pat-
tern, with DAs prescribed more frequently than levodopa. The findings also indicated
that Scotland and Wales were less responsive to AAN guidance. This study high-
lights the influence of clinical guidelines on PD prescribing practices in the UK, with
regional variations suggesting possible demographic or healthcare system factors.
Further research is required to understand these disparities and their implications for
PD management.

Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative disorder character-
ized by the degeneration of dopaminergic neurons, leading to motor and non-motor
symptoms that significantly impact patients’ quality of life [1]. PD is a significant public
health concern, with an estimated prevalence of 1% in people over the age of 60 and
3% in those over 80 [2]. As the global population ages, PD continues to present a
growing health challenge, necessitating ongoing research into its epidemiology and
treatment options.
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from OpenPrescribing.net, provided by the
Bennett Institute for Applied Data Science,
University of Oxford. Wales: Monthly general
practice prescribing data from NHS Wales
Shared Services Partnership (https://nwssp.
nhs.wales/ourservices/primary-care-services/
general-information/data-and-publications/
prescribing-data-extracts/general-practice-pre-
scribing-data-extract/). Scotland: Prescribing
data from Public Health Scotland’s Monthly
Prescribing Activity reports (https://www.open-
data.nhs.scot/dataset/prescriptions-in-the-com-
munity). Northern Ireland: GP prescribing data
from Open Data Northern Ireland (https://www.
opendatani.gov.uk/dataset/gp-prescribing-data).
These data are fully de-identified, aggregated

at the population level, and publicly accessible
without restrictions. No special permissions

or privileges were granted to the author, and
any researcher can access the same data
directly through the corresponding websites.
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In the UK, efforts to assess the epidemiology of PD have led to several important
studies. One cohort study, conducted between 2006 and 2016, analyzed individ-
uals aged 50 years and older using a large UK primary care database. This study
calculated PD incidence rates based on different case definitions, accounting for
factors such as diagnosis, symptoms, and treatment. The findings revealed that
the incidence of PD remained stable, with no significant changes in underlying risk
factors during this period [3]. This suggests that despite advancements in diagnostic
techniques and increased awareness, the incidence rate of PD has remained stable
in the UK and globally over the past decade [4,5]. A comprehensive review of UK
prevalence studies, conducted between 1961 and 2007, highlights the complexities
involved in accurately measuring PD prevalence. Differences in methodology for case
ascertainment and diagnosis led to a wide range of prevalence estimates, varying
from 105 to 168 per 100,000 individuals. Despite these variations, the review found
no clear trend of increasing or decreasing PD prevalence during the studied period.
Additionally, there were no significant differences observed between rural and urban
populations, and the impact of ethnicity on PD prevalence remains an underexplored
area [6]. These findings highlight the need for more focused research to address
potential demographic influences on PD epidemiology.

The pharmacological treatment landscape for PD has evolved significantly
over the past 30 years. Initially, treatment options were limited to levodopa and
anticholinergics. However, recent decades have seen the introduction of non-
ergot dopamine agonists (DAs), monoamine oxidase-B (MAO-B) inhibitors, and
catechol-O-methyl transferase (COMT) inhibitors. Although these newer therapies
provide additional options for managing PD symptoms, their long-term efficacy
and safety have been extensively studied through clinical trials and post-marketing
surveillance. A review by the American Academy of Neurology (AAN) in 2006 con-
cluded that DAs, MAO-B inhibitors, and levodopa do not provide disease-modifying
properties, reinforcing the emphasis on symptomatic management as the primary
treatment goal for PD [7].

DAs were initially introduced to reduce the motor complications associated
with long-term levodopa use, such as dyskinesia. Several clinical trials conducted
between 1989 and 2006 compared levodopa to various DAs, including bromocrip-
tine, ropinirole, and pramipexole. These trials found that starting treatment with DAs
delayed the onset of dyskinesia or motor fluctuations, leading to guidelines recom-
mending the use of DAs as a first-line therapy for younger patients [8,9]. However,
subsequent studies, such as the PD-MED trial, showed that early use of levodopa
led to better long-term quality of life (QoL) outcomes compared to DAs and MAO-B
inhibitors [10].

Despite these findings, there remains an ongoing debate over the most appro-
priate first-line therapy for newly diagnosed PD patients. The National Institute
for Health and Care Excellence (NICE) in the UK recommends initiating levodopa
treatment for patients whose motor symptoms significantly impact their QoL,
while DAs and MAO-B inhibitors are suggested as alternatives for patients with
less severe symptoms [11]. Interestingly, despite these established guidelines,

2117

PLOS One | https://doi.org/10.1371/journal.pone.0324999 May 23, 2025


https://nwssp.nhs.wales/ourservices/primary-care-services/general-information/data-and-publications/prescribing-data-extracts/general-practice-prescribing-data-extract/
https://nwssp.nhs.wales/ourservices/primary-care-services/general-information/data-and-publications/prescribing-data-extracts/general-practice-prescribing-data-extract/
https://nwssp.nhs.wales/ourservices/primary-care-services/general-information/data-and-publications/prescribing-data-extracts/general-practice-prescribing-data-extract/
https://nwssp.nhs.wales/ourservices/primary-care-services/general-information/data-and-publications/prescribing-data-extracts/general-practice-prescribing-data-extract/
https://nwssp.nhs.wales/ourservices/primary-care-services/general-information/data-and-publications/prescribing-data-extracts/general-practice-prescribing-data-extract/
https://www.opendata.nhs.scot/dataset/prescriptions-in-the-community
https://www.opendata.nhs.scot/dataset/prescriptions-in-the-community
https://www.opendata.nhs.scot/dataset/prescriptions-in-the-community
https://www.opendatani.gov.uk/dataset/gp-prescribing-data
https://www.opendatani.gov.uk/dataset/gp-prescribing-data

PLO\Sﬁ\\.- One

studies on prescribing patterns in the UK have shown varying trends. For instance, a study using the UK Clinical
Practice Research Datalink (CPRD) found a relatively low rate of levodopa being prescribed as the initial ther-
apy between 2004 and 2015, with only 29% of patients starting treatment with levodopa [12]. On the other hand,
a population-based study in Wales indicated a significant shift toward levodopa as the preferred first-line therapy
between 2000 and 2016 [13].

Since the release of the 2017 NICE guidelines, no major studies have reassessed PD prescribing trends in the
UK. In contrast, the 2021 update by the American Academy of Neurology (AAN) took a clearer stance, recommend-
ing levodopa as the preferred first-line treatment for early-stage PD regardless of quality-of-life impact. The AAN
also advised limiting DAs use to younger patients at higher risk of dyskinesia, and avoiding them in older individ-
uals or those with cognitive or behavioral vulnerabilities [14]. This divergence underscores the need to examine
whether such guidelines have influenced real-world prescribing in the UK, particularly following the clearer 2021 AAN
recommendations.

This study aims to address the gap by applying an interrupted time series (ITS) segmented regression design—an
approach not previously used to evaluate PD medication prescribing across all four UK countries—to analyze prescribing
patterns from 2019 to 2024, with a particular focus on the impact of the American Academy of Neurology (AAN) recom-
mendations. By examining data on levodopa and other PD medications, the study seeks to determine whether the AAN
guidelines led to an increase in levodopa prescriptions and to provide a comprehensive overview of prescribing trends
during this period. This method, supported by robust diagnostics, also offers insights into the influence of clinical guide-
lines on prescribing behavior and highlights regional differences. Investigating these regional patterns is critical, as they
may reflect variations in healthcare access, prescriber preferences, and population characteristics that influence clinical
outcomes and guideline implementation.

Materials and methods
Study design

This study employed a repeated cross-sectional design to analyze the prescribing patterns of PD medications across the
United Kingdom from July 2019 to May 2024, selected due to comprehensive data availability from all four UK countries.
The analysis encompassed all PD medications, which were categorized into six main groups. The list of medications and
their British National Formulary (BNF) codes can be found in Table 1. Any medications without recorded prescriptions
were excluded from the analysis, with BNF codes used to identify the relevant drugs.

Data for this study were gathered from publicly available sources. Prescribing data for England were obtained from
OpenPrescribing.net [15], for Wales from the NHS Wales Shared Services Partnership’s Prescribing Data Extracts [16],
for Scotland from Public Health Scotland’s Monthly Prescribing Activity [17], and for Northern Ireland from the GP Pre-
scribing Data on Open Data Northern Ireland [18]. All the data used in this research are openly accessible under the Open
Government License (OGL) and did not require ethical approval. These data were pre-aggregated by month and region
and do not include any patient-level identifiers or sensitive information, thereby ensuring full compliance with privacy and
confidentiality standards. All monthly prescribing Excel files were downloaded and grouped by region and time period to
ensure consistency and accuracy in the analysis. Since no data were missing, the dataset was directly prepared for anal-
ysis without the need for further data cleaning or imputation, ensuring the integrity and robustness of the dataset used in
the study.

In the UK, while most Parkinson’s patients are managed by Care of the Elderly (COTE) physicians, neurologists, and
Parkinson’s Disease Nurse Specialists (PDNS), these specialists provide general practitioners (GPs) with recommenda-
tions regarding the initiation, titration, or modification of PD medications [19]. Consequently, the majority of PD prescrip-
tions are expected to be captured within GP prescribing data. The study focused exclusively on prescriptions issued by
GPs in community settings, excluding those from hospitals or other healthcare facilities.
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Table 1. Parkinson’s disease medications and corresponding BNF codes.

PD medication category PD medication and BNF codes

Anticholinergics Benzatropine mesilate: 0409020E0
Orphenadrine hydrochloride: 0409020N0
Procyclidine hydrochloride: 0409020S0
Trihexyphenidyl hydrochloride: 0409020C0
Dopamine Agonists | Ergot DAs Cabergoline: 0409010U0

(DAs) Pergolide mesilate: 0409010P0

Non-ergot DAs Apomorphine: 0409010A

Pramipexole: 0409010WO0

Ropinirole hydrochloride: 0409010HO0
Rotigotine: 040901020

Levodopa Co-beneldopa (Benserazide/levodopa): 0409010K0, Co-careldopa (Carbidopa/levodopa): 0409010NO,
Levodopal/carbidopa/entacapone: 0409010X0
MAO-B inhibitors Rasagiline mesilate: 0409010Y0

Safinamide: 0409010AA

Selegiline hydrochloride: 0409010TO

COMT inhibitors Entacapone: 0409010V0, Levodopa/carbidopa/entacapone: 0409010X0
Opicapone: 0409010AB

Tolcapone: 0409010S0

Amantadine Amantadine hydrochloride: 0409010B0

https://doi.org/10.1371/journal.pone.0324999.t001

Prevalence calculation

To estimate the prevalence of PD medication prescriptions, the number of prescriptions each month was divided by the
corresponding country’s population for that month, then multiplied by 100,000 to calculate a standardized prescription
rate per 100,000 people. Population figures were sourced from official government websites [20]. However, due to the
absence of population data for Scotland and Northern Ireland for 2023, and for all four countries in 2024, population fig-
ures for these periods were projected using the growth rate from the previous year. Given the short projection period and
the relatively stable year-on-year trends in UK population data, this was considered a reasonable and practical approach.
Alternative methods, such as linear extrapolation or using national projections, were also considered but would likely have
produced similar results over such a limited timeframe.

Statistical analysis

In this study, an interrupted time series (ITS) analysis with a linear regression model using the backward elimination
method was employed to assess PD medication prescribing patterns in the UK from July 2019 to May 2024. ITS seg-
mented regression design was chosen for this study because it is well-suited to evaluate the impact of interventions or
policy changes over time. This approach enables the distinction between pre-intervention trends and post-intervention
changes in level (an immediate shift in prescribing rates) and trend (a change in the rate of increase or decrease over
time), providing a robust framework to assess the effect of the AAN guideline introduction on prescribing patterns. This
design is particularly effective at detecting abrupt changes in trends but may be less sensitive to gradual shifts over time.
The analysis was conducted using SPSS version 28. The model incorporated various factors, including prescribing trends,
level changes, and country comparisons, with England serving as the reference point through an interaction term. To
enhance the explanatory power of the model, all major medications were included, and the final model retained variables
even if trends or levels were removed, as their exclusion would indicate no significant effect. Additionally, for each PD
medication model, the effect of other PD medications prescribing patterns was examined as a potential factor, to account
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for any interdependencies among medications. The ergot DAs model was not performed because of very low prescribing
rates, and instead, these were combined with non-ergot DAs into a category labeled “All DAs”.

Given the complexity of the data, variance inflation factors (VIFs) were used to assess multicollinearity, with a range of
5-10 considered acceptable [21]. If multicollinearity was detected (VIF >10), the affected variable was removed, priori-
tizing the retention of trend or level, as these were key variables under investigation. Separate models were run for each
country (England, Scotland, Wales, and Northern Ireland) and compared to England using interaction terms to identify
regional differences in response to the AAN recommendations. Statistical significance was determined using a p-value
threshold of 0.05.

To address potential autocorrelation in the data, lag variables were included for each medication. Serial correlation was
assessed using the Durbin-Watson statistic, with values between 1.5 and 2.5 considered acceptable. When the statistic
fell outside this range, higher-order lag terms were applied to correct for autocorrelation. Specifically, first-order lags were
used when residuals were correlated with the previous month, and second-order lags were applied when correlation was
observed with values from two months prior [22].

Additionally, the same methods were applied to a separate model that allowed for a six-month lag after the AAN recom-
mendations, to evaluate whether a delayed effect in prescribing patterns was present. This sensitivity analysis, using the
lagged model, provided further insights into the potential longer-term impact of the guidelines on prescribing behavior.

This approach allowed for a robust evaluation of prescribing patterns, with appropriate adjustments for multicollinearity,
autocorrelation, delayed effects, and interactions between PD medications, providing a clearer understanding of the influ-
ence of clinical guidelines and regional differences in PD medication prescriptions.

Results

The study’s key findings showed that levodopa was the most frequently prescribed medication in most regions, followed
by DAs, MAO-B inhibitors, COMT inhibitors, and anticholinergics. Regionally, Northern Ireland had the highest overall
prescription rates, with Wales, England, and Scotland following in that order (Fig 1, Table 2).

Focusing on Levodopa, prescription rates in England remained relatively stable, decreasing slightly from 360.5 to
358.16 prescriptions per 100,000 population after the specified period. Northern Ireland saw an increase from 279.64 to
306.92, while Wales experienced a small rise from 375.49 to 380.37, and Scotland showed a more moderate increase
from 221.8 to 230.48.

For DAs, Northern Ireland exhibited a unique trend where DAs were prescribed more frequently than Levodopa, with
DAs increasing from 305.21 to 333.15 per 100,000 population, surpassing Levodopa prescriptions, which rose to 306.92.
This distinct behavior, possibly influenced by factors such as a younger population in Northern Ireland, will be explored
in more detail in the Discussion section. In contrast, Levodopa remained the most prescribed medication in the other
regions. England showed a smaller rise in DAs, from 188.29 to 193.51, while Scotland and Wales saw increases from
182.62 to 195.57 and from 250.55 to 263.85, respectively. These trends are summarized for the entire UK in Fig 2, illus-
trating the overall prescribing patterns for Levodopa and DAs and other PD medications.

The segmented regression analysis for Levodopa across the four UK countries (Table 3) highlighted distinct trends
and responses to the AAN recommendations. In England, Levodopa prescribing exhibited a significant decreasing trend
(-0.105, p=0.044), followed by a marked increase after the AAN policy implementation (6.79, p<0.001), reflecting an
immediate impact of the guidelines. This represents a substantial shift in prescribing behavior, particularly considering the
prior stable or declining trends. However, in the six-month lag model, the AAN recommendation had no significant effect
on Levodopa prescribing, leading to its exclusion from the backward logistic regression model (Table 4). In Scotland,
Wales, and Northern Ireland (NI), there was no significant impact of the AAN recommendation on Levodopa prescribing,
and the variable was excluded from the analysis. Wales showed a slight increase in impact compared to England (0.035,
p<0.001) (Table 3).
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Fig 1. Impact of American Academy of Neurology (AAN) recommendations on Parkinson’s medication prescriptions in England, Wales, Scot-
land, and Northern Ireland (July 2019-May 2024). This figure illustrates monthly prescribing trends of Parkinson’s disease (PD) medications across
the four UK countries. A vertical bold line marks the publication of the AAN guidelines (November 2021). Post-guideline changes are visually evident with
Northern Ireland displaying distinct trends in dopamine agonist use.

https://doi.org/10.1371/journal.pone.0324999.9001

For DAs, England demonstrated a consistent increase in prescribing (0.269, p<0.001) with no significant immedi-
ate effect from the AAN recommendations. Although the immediate effect was not significant, the consistent increase in
prescribing suggests ongoing adoption of DAs as a first-line treatment. However, in the six-month lag model (Table 4),

a significant reduction in prescribing rates was observed (-1.754, p=0.04). Both Scotland and Wales followed similar
patterns, showing positive trends pre-AAN and notable decreases post-AAN (-3.904, p=0.037 in Scotland in the original
model, and -4.591, p=0.006 in Wales in the six-month lag model) (Tables 3 and 4). The only significant country effect was
in the six-month lag model, where Scotland was less impacted by the AAN recommendations in reducing DA prescriptions
compared to England (-0.026, p=0.006).

MAO-B inhibitors showed significant decreases across most regions in both the original and six-month lag models
(Tables 3 and 4). England exhibited the largest reduction after the AAN recommendations (-1.027, p<0.001). In terms of
the country effect, Scotland was more impacted by the AAN recommendations compared to England in both the original
(0.021, p<0.001) and six-month lag models (0.02, p=0.001) (Tables 3 and 4).

COMT inhibitors showed significant increases in prescribing across all countries (Table 3), with England displaying a
notable rise (0.079, p<0.001). However, post-AAN, prescribing decreased in England (-0.311, p=0.039) in the original
model, though no significant effect was found in the six-month lag model.
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Fig 2. Influence of the American Academy of Neurology (AAN) recommendations on Parkinson’s disease medication prescribing trends
across the United Kingdom (July 2019-May 2024). This figure presents aggregated monthly data on Parkinson’s disease (PD) prescriptions across
the UK. The vertical bold line marks the point of AAN guideline publication, distinguishing the pre- and post-guideline periods.

https://doi.org/10.1371/journal.pone.0324999.9002

The amantadine and anticholinergic models, shown in Tables 3 and 4, indicate a significant reduction in anticholinergic
prescribing following the AAN recommendation in both England and Wales. The decline was more pronounced in Wales
(-5.529, p=0.004) compared to England (-0.311, p=0.039) in the original model. However, in the six-month lag model, this
reduction was not found to be significant.

In terms of model quality, the adjusted R? values across the models ranged from 0.630 to 0.992, indicating strong
explanatory power for most models (Tables 3 and 4). The Durbin-Watson statistics were within the acceptable range of 1.5
to 2.5 for all models, confirming that autocorrelation in the residuals was effectively addressed, with first- or second-order
lags applied where necessary to improve model accuracy.

Discussion

This study aimed to examine PD medication prescribing patterns across the UK and assess the impact of the AAN and
NICE guidelines. It focused on how Levodopa and DAs were prescribed between July 2019 and May 2024. The results
revealed that levodopa was the most prescribed medication across all regions, with a significant increase in England
following the AAN guideline introduction. In contrast, other regions showed more stable trends, and Northern Ireland
exhibited a distinct pattern, with DAs prescribed more often than levodopa. Additionally, Scotland and Wales were less
responsive to the AAN guidelines. These findings highlight how clinical guidelines influence PD prescribing practices,
with regional variations suggesting possible demographic or healthcare system factors. The AAN guidelines, published in
November 2021, recommend starting Levodopa earlier in the disease for its superior motor symptom relief, particularly in
patients over 70. Despite the risk of long-term complications like dyskinesia, the AAN emphasizes Levodopa’s immediate
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motor benefits [14]. In contrast, the NICE guidelines from 2017 prioritize DAs for younger patients to delay Levodopa’s
motor complications. While both guidelines acknowledge the efficacy of Levodopa, AAN supports its early use, whereas
NICE recommends delaying Levodopa and using DAs in younger patients to reduce long-term risks [11].

Findings from this study indicate that Levodopa remained the most prescribed PD medication across all UK regions,
with England experiencing an initial decline in Levodopa use, followed by a significant increase after the AAN guidelines
were introduced. However, the six-month lag model suggests that the AAN recommendations did not have a lasting effect,
as prescribing trends eventually stabilized and may reflect a renewed consideration of DAs for early-stage PD in England.
Scotland, Wales, and Northern Ireland, where Levodopa consistently remained more commonly prescribed than DAs,
exhibited stable trends with no notable changes after the AAN guidelines, suggesting closer adherence to the NICE guide-
lines in these regions. Northern Ireland stands out, having a higher rate of DA prescriptions than Levodopa compared to
the other regions.

The higher Levodopa prescribing rates across the UK align with similar findings in countries like the USA, Japan,
and Taiwan [23—27]. This suggests that, despite different healthcare systems, there is an international convergence
on levodopa as the dominant first-line treatment, particularly as newer evidence and guidelines emerge. The trends in
most regions of the UK suggest that Levodopa use has stabilized. The exception is Northern Ireland, where DAs were
prescribed at higher rates than Levodopa, with 320.5 DA prescriptions per 100,000 population compared to 293.12 for
Levodopa. While it is difficult to pinpoint the exact reasons for this trend, one possible explanation is Northern Ireland’s
younger population. According to 2021 estimates, Northern Ireland has the lowest proportion of individuals aged 65+
(17.93%) and 85+ (2.17%) in the UK, while it has the highest proportion of those aged 0—15 (20.45%) [20]. This demo-
graphic shift could influence prescribing patterns, as younger patients may be more likely to be started on DAs in line with
the NICE guidelines. Another explanation could be regional variations in prescriber behavior, though further investigation,
particularly with patient-level data, is needed to explore this hypothesis.

The differences in prescribing patterns across the UK may also reflect variations in healthcare infrastructure and access
to specialist care. In regions like England, where neurologists and Parkinson’s specialists are more widely available, AAN
guidelines promoting earlier use of Levodopa might be more readily implemented. On the other hand, in Northern Ireland,
where only 3% of neurological admissions are under neurology care compared to 11% in England [28], general practi-
tioners often manage PD, leading to greater adherence to NICE guidelines, which favor DAs for younger patients. These
regional differences underscore the importance of considering healthcare systems and physician expertise when evalu-
ating the implementation of clinical guidelines. Understanding these disparities can guide future updates to reflect local
healthcare realities.

Economic factors likely contribute to the regional differences in PD prescribing patterns observed in this study. Levodo-
pa’s proven cost-effectiveness compared to DAs plays a critical role in resource-constrained healthcare systems like the
NHS [29,30]. Levodopa’s effectiveness in providing immediate symptom relief and its long-term economic advantage,
especially when considering the management of side effects, may explain its widespread use in most regions. In contrast,
Northern Ireland, which may have fewer healthcare resources, shows a higher preference for DAs, potentially reflecting
a short-term focus on managing motor symptoms and delaying costly complications. This approach, although appearing
to reduce immediate burdens, overlooks Levodopa’s long-term cost benefits. Additionally, the lack of strategic resource
allocation in Northern Ireland—where resources are distributed on a pro rata basis without clear strategic direction—con-
tributes to inefficiencies and low productivity compared to England, further complicating the long-term management of PD
[31]. The stable DA prescribing in Scotland and Wales may also reflect a cautious strategy. These findings underscore the
need for considering both economic and patient-centered factors when developing treatment guidelines, particularly in
regions with limited resources.

The impact of clinical guideline adherence on patients’ long-term quality of life deserves greater attention in future
research and health policy. While the clinical efficacy and cost-effectiveness of levodopa are well established, its potential
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to improve daily functioning, autonomy, and psychological well-being, especially among older adults, adds further weight
to its use as a first-line therapy [10]. Differences in regional prescribing patterns, as observed in this study, may lead to
variable patient experiences and long-term outcomes. [10]. For instance, delayed initiation of levodopa in favor of dopa-
mine agonists might postpone motor symptom relief, affecting patients’ independence and social participation during criti-
cal stages of disease progression [32]. Conversely, early levodopa use may offer improved quality of life despite potential
risks such as dyskinesia, which many patients consider a manageable trade-off. Understanding how such trade-offs are
perceived by patients in different regions, and how they relate to prescribing practices, can guide the development of more
individualized and patient-centered treatment approaches [32]. Ultimately, integrating quality of life metrics into prescrib-
ing evaluations may help ensure that clinical decisions align not only with pharmacoeconomic goals, but also with what
matters most to patients themselves [32].

This study’s strength lies in its comprehensive use of GP records, capturing the majority of PD prescriptions in the UK.
This provides a robust dataset for examining regional variations in prescribing trends. Furthermore, this is the first study
to compare PD medication use across all four UK countries, building on earlier research while utilizing segmented regres-
sion with conservative quality measures like variance inflation factor (VIF) and Durbin-Watson tests, ensuring the results
are both valid and reliable.

However, there are certain limitations to consider. One notable shortcoming is the reliance on publicly available prescrip-
tion data, which lacks patient-level granularity. The absence of detailed patient demographics, clinical histories, or disease
stages means that prescribing patterns cannot be fully contextualized in relation to individual patient characteristics. For
instance, data on age, disease progression, and co-morbidities would be essential for understanding whether younger
patients are being prescribed DAs in accordance with NICE guidelines or if other factors are influencing treatment decisions.
The lack of such data limits the ability to fully interpret regional prescribing variations. Additionally, the interrupted time series
(ITS) approach, while effective in identifying immediate changes at the intervention point, may not fully capture subtle shifts
in prescribing trends over time. This modeling limitation may influence how gradual changes in prescribing behavior are
detected. Furthermore, regional differences in prescribing practices could reflect unmeasured socioeconomic or healthcare
infrastructure factors. The variations observed across the UK regions, particularly in Northern Ireland, could be influenced
by differences in access to care, socioeconomic status, or healthcare policies, which were not accounted for in this analysis.
Lastly, the lack of diagnostic confirmation means that some prescriptions, especially for anticholinergics, may have been
issued for conditions other than PD, such as drug-induced parkinsonism or dystonia. However, medications like Levodopa
and DAs are predominantly used for PD, which reinforces the reliability of the findings for these drugs.

Conclusion

In conclusion, this study provides valuable insights into how clinical guidelines influence PD medication prescribing across
the UK, underscoring the varying impacts of the AAN and NICE guidelines. While Levodopa remains the most commonly
prescribed PD treatment overall, trends suggest that in England, there may be a gradual shift back toward DAs for early
PD management, in line with NICE recommendations. Meanwhile, other UK countries, including Scotland, Wales, and
Northern Ireland, demonstrate more stable prescribing patterns, possibly reflecting continued adherence to the NICE
guidelines. The study’s strength lies in its use of comprehensive prescribing data and robust statistical methods, but the
absence of patient-level data and diagnostic confirmation presents limitations. Despite these constraints, the findings pro-
vide a solid foundation for future research. Key areas for investigation could include exploring patient-level data to validate
the trends observed at the regional level and examining the long-term health outcomes associated with different prescrib-
ing practices. Additionally, expanding research to include cost-effectiveness analyses or studies on healthcare resource
allocation could offer valuable insights into the economic implications of these trends. Future studies could also focus on
understanding the factors driving regional adherence or divergence from guidelines, such as patient demographics, GP
attitudes, and access to healthcare, which could provide actionable insights for optimizing prescribing practices.
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