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Background: Parkinson’s disease (PD) is a neurodegenerative disorder, with 
increasing prevalence among aging populations. Gender differences in PD 
extend to symptom presentation and treatment response, suggesting the need 
for gender-specific management strategies.

Methods: This gender-stratified analysis of a retrospective observational study 
used data from three nationwide Japanese healthcare databases. Patients 
aged ≥30 years diagnosed with PD between June 2016 and May 2021 were 
included. Patient demographics, prescribing patterns, and levodopa dosages 
were analyzed descriptively.

Results: Of 39,731 patients with PD identified, females (n = 22,724) outnumbered 
males (n = 17,007), especially in the ≥75 years group. Levodopa was the most 
commonly prescribed drug for both genders. The mean ± standard deviation 
maximum levodopa dose was numerically higher in males (520.0 ± 426.8 mg) 
compared with females (498.7 ± 424.2 mg). Usage of monoamine oxidase B 
inhibitors (MAOBI) was 24.0% in males and 18.9% in females. Among newly treated 
patients, >70% of both genders started treatment with levodopa monotherapy; 
a slightly higher proportion of males tended toward levodopa combination 
therapy. For both genders, concomitant drugs were most commonly MAOBI, 
non-ergot dopamine agonist, and zonisamide. However, females tended to 
receive a more diverse range of medications than these three drugs.

Conclusion: This analysis highlights the high number of elderly female patients 
with PD in Japan. Slight gender differences in maximum levodopa dose and 
prescriptions for anti-PD drugs were observed. These findings emphasize 
the importance of personalized treatment approaches in PD management 
considering gender-specific differences in drug efficacy and side effects.

Clinical trials registration: https://center6.umin.ac.jp/cgi-open-bin/ctr_e/ctr_
view.cgi?recptno=R000053425, identifier UMIN000046823.
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1 Introduction

Parkinson’s disease (PD) is a neurogenerative disorder 
characterized by the gradual onset of motor dysfunction, with its 
prevalence increasing with age, particularly around 65 years and older 
(1–4). In Japan, the prevalence of PD is estimated to be approximately 
100–180 individuals per 100,000 population (5), and this number is 
expected to rise rapidly as the population continues to age (2). While 
PD prevalence is generally comparable between males and females 
globally, females in Japan have been reported to exhibit a higher 
prevalence (5).

Gender differences in PD extend beyond prevalence and include 
variations in symptom presentation and treatment responses (6). 
Males with PD are more likely to experience rigidity and gait 
disturbances, whereas females tend to present with dyskinesia and 
tremor (6, 7). Additionally, females more commonly report pain, 
depression, and anxiety, while males are more prone to sleep 
disturbances and rapid eye movement sleep behavior disorder (8–11). 
Treatment response also varies by gender, with females showing 
higher bioavailability of levodopa and a greater susceptibility to 
levodopa-induced dyskinesias (12, 13). These differences suggest that 
both drug efficacy and side effect profiles may vary between genders, 
highlighting the need for personalized treatment strategies in 
PD management.

Current treatment options for PD primarily include levodopa, 
dopamine agonists (DA), and monoamine oxidase B inhibitors 
(MAOBI) (14). The current Japanese guidelines recommend 
initiating anti-PD drugs in patients with functional disabilities 
without delaying treatment post-diagnosis (5, 15). For older 
patients (≥70–75 years), levodopa is the preferred treatment to 
manage motor symptoms, while DA are recommended for younger, 
cognitively intact patients to minimize levodopa-induced motor 
complications (15). As PD progresses, combined therapies are 
typically required (15). The guidelines do not provide specific 
recommendations for treatment adjustments based on 
gender differences.

In a previous study, we  analyzed the prescription patterns of 
anti-PD drugs using Japanese nationwide healthcare claim databases, 
with a focus on patients aged ≥75 years (UMIN000046823) (16). 
Building on this, the current gender-stratified study aims to investigate 
the epidemiological characteristics and gender differences in the real-
world prescribing patterns of anti-PD drugs.

2 Materials and methods

2.1 Study design

This was a gender-stratified analysis of the previously reported 
retrospective observational study (16). Healthcare claims data were 
extracted from three nationwide databases in Japan: (a) the elderly 
health insurance database (DeSC Healthcare, Inc., Tokyo, Japan), 
covering individuals aged ≥75 years, with 2.6 million registered 
people; (b) the Japan Medical Data Center database (JMDC Inc., 
Tokyo, Japan), encompassing company employees and their 
dependents aged <75 years, with 13.2 million registered 
individuals; and (c) the National Health Insurance database (DeSC 
Healthcare, Inc., Tokyo, Japan), which includes individuals aged 

<75 years who are not eligible for the elderly or Japan Medical Data 
Center databases, with 2.3 million registered people. Japan’s 
national healthcare insurance system requires all citizens to 
be enrolled in one of the insurance schemes, primarily consisting 
of the advanced elderly medical system, employee insurance 
(health insurance associations and mutual aid associations), and 
national health insurance, depending on age and employment 
status (17). Insurance premiums are calculated based on income, 
and these systems are designed to ensure that citizens can receive 
necessary medical services regardless of their economic situation. 
As of March 2021, the number of enrollees in the elderly medical 
system, employee health insurance, and national health insurance 
was 18.1 million, 28.7 million, and 28.9 million, respectively (18). 
The databases used in this study appropriately represent the 
distribution of Japan’s population, providing sufficient data to 
examine prescribing patterns by age and gender. The observation 
period spanned from June 2016 to May 2021, with the index date 
defined as the first diagnosis of PD within this time frame. The 
anti-PD drugs approved in Japan were evaluated using the 
corresponding Anatomical Therapeutic Chemical codes 
(Supplementary Table 1).

The study protocol was approved by the Research Institute of 
Healthcare Data Science Institutional Review Board (No. RI2021024) 
in Japan. Data collection and analysis were conducted in accordance 
with the Japanese Ethical Guidelines for Medical and Health Research 
Involving Human Subjects. Due to the retrospective nature of the 
study and the anonymization of the data, informed consent was not 
required. The study was registered with the UMIN Clinical Trials 
Registry (https://center6.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.
cgi?recptno=R000053425, UMIN000046823).

2.2 Study population

The study population consisted of patients diagnosed with PD for 
at least 6 months, identified using the International Classification of 
Diseases 10th Revision (code G20). Eligible patients had to have 
received at least one type of anti-PD drug for a minimum of 6 months 
following the index date, with at least two anti-PD prescriptions 
recorded from the index date onward. Patients younger than 30 years 
at the index date were excluded from the analysis.

Two groups of patients were examined. The “all patients” group 
included those who met the inclusion criteria without meeting any 
exclusion criteria. The “newly initiated PD treatment patients” group 
consisted of those with at least 6 months of data prior to the index 
date, no prescriptions for anti-PD medications during this period, and 
no diagnosis of other neurodegenerative diseases presenting with 
parkinsonism or secondary parkinsonism.

2.3 Outcome measures

Outcome measures included patient demographics, prescribing 
patterns, and database characteristics. Prescribing patterns were 
determined using diagnosis codes, while levodopa dosages were 
calculated based on the daily prescribed dose documented in 
prescription receipts. The mean maximum levodopa dose during the 
observation period was calculated.
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2.4 Statistical analysis

Descriptive statistics were used to summarize patient 
demographics, prescription patterns, and levodopa dosages. 
Continuous variables were presented as mean and standard deviation, 
while categorical variables were summarized as frequencies and 
percentages. Gender differences in prescribing patterns were also 
analyzed descriptively.

All statistical analyses were conducted using SAS® 9.4 (SAS 
Institute Inc., Cary, NC, United  States) and R, Version 4.1.1 (R 
Foundation for Statistical Computing, Vienna, Austria).

3 Results

3.1 Study population

There were 39,731 patients with PD identified out of 
approximately 18 million insured individuals, including 17,007 male 
patients and 22,724 female patients (Supplementary Figure 1). The 
elderly health insurance database (N = 2,617,767) included 29,130 
patients aged ≥75 years diagnosed with PD, with a higher 
representation of females (n = 17,578) compared with males 
(n = 11,552). Among these, 1,791 were classified as newly initiated on 
PD treatment, comprising 747 males and 1,044 females.

From the National Health Insurance (N = 2,313,264) and 
Japan Medical Data Center (N = 13,221,639) databases, a 
combined total of 10,601 patients aged <75 years were diagnosed 
with PD, with a slightly higher number of males (n = 5,455) 
compared with females (n = 5,146). Among these patients, 1,677 

were classified as newly initiated on PD treatment, including 
903 males and 774 females.

3.2 Age and gender characteristics

Among all patients, the number in each age group <65 years 
was higher in males, while more females were represented in the 
age group of ≥75 years (Table  1). Additionally, the mean ages 
showed slight variations between genders within each age group. 
Among patients aged ≥75 years, 79.3% of males were aged  
75–84 years and 20.7% were aged ≥85 years, while 71.4% of 
females were aged 75–84 years and 28.6% were aged ≥85 years, 
showing that there were more elderly patients among the females 
(Table 1). Among patients who newly initiated PD treatment, the 
age distribution was similar to that of all patients, with an 
increasing number of female patients compared with male patients 
as age increased, resulting in a higher proportion of female patients 
aged ≥85 years (Table 1).

3.3 Anti-PD drug prescribing patterns by 
gender and age: all patients

Levodopa was the most frequently prescribed anti-PD medication 
during the observation period for all patients, with a similar 
proportion of patients receiving levodopa prescriptions between males 
and females (Figure 1A). Following levodopa, males were prescribed 
non-ergot DA, MAOBI, and zonisamide, whereas females were 
prescribed non-ergot DA, followed by similar proportions of 

TABLE 1 Age distribution of all patients and patients who newly initiated PD treatment.

All patients ≥75 years <75 years

Male (n = 11,552) Female (n = 17,578) Male (n = 5,455) Female (n = 5,146)

Age, years, mean ± SD 80.6 ± 4.5 81.7 ± 5.2 60.6 ± 9.5 61.3 ± 9.5

Age group, years, n (%)

 ≤54 – – 1,270 (23.3) 1,052 (20.4)

 55–64 – – 1,807 (33.1) 1,594 (31.0)

 65–74 – – 2,378 (43.6) 2,500 (48.6)

 75–84 9,158 (79.3) 12,555 (71.4) – –

 ≥85 2,394 (20.7) 5,023 (28.6) – –

Patients who newly 
initiated PD treatment

≥75 years <75 years

Male (n = 747) Female (n = 1,044) Male (n = 903) Female (n = 774)

Age, years, mean ± SD 81.0 ± 4.2 81.7 ± 4.6 61.7 ± 8.8 62.5 ± 9.2

Age group, years, n (%)

 ≤54 – – 173 (19.2) 135 (17.4)

 55–64 – – 324 (35.9) 225 (29.1)

 65–74 – – 406 (45.0) 414 (53.5)

 75–84 582 (77.9) 765 (73.3) – –

 ≥85 165 (22.1) 279 (26.7) – –

PD, Parkinson’s disease; SD, standard deviation.
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zonisamide and MAOBI. A gender difference was observed in the 
prescription of MAOBI and droxidopa, with a higher proportion of 
males receiving these prescriptions compared with females (24.0% in 
males vs. 18.9% in females, and 14.2% in males vs. 9.7% in females, 
respectively) (Figure 1A).

For patients aged ≥75 years, levodopa remained the primary drug, 
with a higher usage rate compared with those <75 years (Figures 1B,C). 
The order of the next most commonly used drugs in the ≥75 years age 
group was less distinct: non-ergot DA followed by similar proportions 
of MAOBI and zonisamide in males, and non-ergot DA followed by 
zonisamide and catechol-O-methyltransferase inhibitor in females 
(Figure 1B). MAOBI and droxidopa were particularly more commonly 
used by males (19.5% in males vs. 15.9% in females, and 16.8% in 
males vs. 10.4% in females, respectively), while non-ergot DA and 
anticholinergic agents were used slightly more by females (24.5% in 
males vs. 27.0% in females, and 6.8% in males vs. 9.0% in females, 
respectively) (Figure  1B). In patients aged <75 years, following 
levodopa, both males and females tended to use non-ergot DA, 
MAOBI, and anticholinergic agents (Figure 1C). MAOBI was used 
slightly more frequently in males, but other drugs were used at similar 
proportions between genders (Figure 1C).

The mean maximum dose of levodopa prescribed for all patients 
during the observation period was numerically higher in males 
compared with females, with a mean ± standard deviation dose of 
520.0 ± 426.8  mg in males and 498.7 ± 424.2  mg in females 
(Figure 2A). Subsequently, a slightly higher proportion of females in 
both the ≥75 years (Figure 2B) and <75 years (Figure 2C) age groups 
were prescribed maximum levodopa doses of less than 300  mg 
compared with their male counterparts. When comparing across age 
groups, the mean maximum dose of levodopa was slightly higher in 
the ≥75 years age group compared with the <75 years group for both 

genders. Slight variations were observed between males and females 
for both age groups (Figures 2B,C).

3.4 Anti-PD drug prescribing patterns by 
gender and age: patients who newly 
initiated PD treatment

In patients who newly initiated PD treatment during the 
observation period, over 70% of both males and females in the total 
population started with levodopa monotherapy, and the proportion of 
patients who switched to levodopa add-on therapy was slightly higher 
in males compared with females (36% in males vs. 32% in females) 
(Figure  3A). The drugs added to levodopa were most commonly 
MAOBI, non-ergot DA, and zonisamide for both genders, with a 
difference observed in the prescription of MAOBI (30.2% in males vs. 
24.6% in females) (Figure 3A). Among patients aged ≥75 years, gender 
differences in concomitant medications following levodopa 
monotherapy were more pronounced. MAOBI was the most 
commonly prescribed drug for males (27.5%), followed by zonisamide 
(18.8%) and non-ergot DA (17.5%) (Figure 3B). In contrast, females in 
this age group were more likely to use non-ergot DA (19.4%), MAOBI 
(18.0%), and zonisamide (17.3%) equally (Figure 3B). While MAOBI 
was notably more frequently used in males compared with females, 
female patients had a slightly higher usage percentage of non-ergot DA 
(17.5% in males vs. 19.4% in females), catechol-O-methyltransferase 
inhibitors (5.2% in males vs. 8.7% in females), and droxidopa (9.6% in 
males vs.12.5% in females) (Figure 3B).

In contrast, for patients <75 years of age, the gender differences in 
concomitant medications following levodopa monotherapy were less 
marked (Figure 3C). Both males and females were prescribed MAOBI 

FIGURE 1

Prescribing patterns for anti-PD drugs in patients with PD by gender and age. (A) All patients. (B) Patients aged ≥75 years. (C) Patients aged <75 years. 
COMTI, catechol-O-methyltransferase inhibitor; DA, dopamine agonist; MAOBI, monoamine oxidase type B inhibitor; PD, Parkinson’s disease.
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(32.0% in males vs. 31.1% in females), followed by non-ergot DA 
(25.3% in males vs. 26.4% in females) and zonisamide (13.5% in males 
vs. 12.8% in females) (Figure 3C).

4 Discussion

This gender-stratified analysis of the previously reported 
retrospective observational study (16) represents a novel 
contribution to the existing literature, being the first study to 
examine gender differences in PD treatment on a nationwide scale. 
Our findings revealed a balanced male-to-female ratio in patients 
with PD under 75 years; however, the ratio increased to 1.5 times 
higher among female patients aged ≥75 years. This aligns with prior 
surveys conducted by Japan’s Ministry of Health, Labour and Welfare 
(19). Additionally, a previous study analyzing a medical claims 
database from medical institutions demonstrated that significant 
differences in the male-to-female ratio were observed between age 
subgroups (p < 0.0001), with a higher proportion of males in the 
younger subgroups and a higher proportion of females in the older 

subgroups (aged ≥60 years) (20). This disparity may be attributed to 
the longevity of females and the higher prevalence of PD in the 
older population.

This study highlights the important gender differences in real-
world prescribing patterns and dosages among PD patients in Japan. 
Levodopa was the most frequently prescribed treatment for both 
genders among all PD patients, with similar proportions of male and 
female recipients. However, the mean maximum prescribed dose 
during the observation period was slightly higher in males, 
particularly in those aged ≥75 years. Factors affecting the 
pharmacokinetics of levodopa include gender, age, and weight/body 
size. It has been reported that lower body weight tends to result in 
higher plasma concentrations of levodopa, which may necessitate 
dose adjustments based on weight, particularly for females who 
typically weigh less than males (21, 22). Furthermore, even when 
normalizing body weight, females have greater bioavailability of 
levodopa and lower drug clearance, which contribute to their 
increased susceptibility to levodopa-induced dyskinesias (12, 13, 21). 
The slightly lower maximum dose of levodopa in elderly female 
patients observed in this study may be explained by these gender 

FIGURE 2

Maximum levodopa doses prescribed by gender and age during the observation period (all patients). (A) All patients. (B) Patients aged ≥75 years. 
(C) Patients aged <75 years. SD, standard deviation.
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differences in levodopa pharmacodynamics and body size. On the 
other hand, a large multicenter study in North America reported that 
the levodopa equivalent daily dose of anti-PD drugs, including 
levodopa, prescribed to early PD patients showed no gender 
differences when adjusted for disease duration, severity, and weight 
(23). Consideration of factors such as the type of anti-PD drugs and 
the severity and duration of PD, in addition to age, gender, and 
weight, may lead to the implementation of more optimal 
treatment strategies.

In our study, no large differences were observed in the 
proportion of levodopa prescriptions between genders, but 
differences were noted in the types of drugs prescribed following 
levodopa and those used in combination with levodopa 
monotherapy. For all patients, non-ergot DA, MAOBI, zonisamide, 
and catechol-O-methyltransferase inhibitors were commonly 
prescribed alongside levodopa for both genders. Among these, 
MAOBI was more frequently prescribed to males across all age 
groups. Additionally, droxidopa was more commonly prescribed to 
males aged ≥75 years, while non-ergot DA was more frequently 
prescribed to females in this age group. For newly treated patients, 
MAOBI, non-ergot DA, and zonisamide were commonly added to 
levodopa for both genders, with a notable gender difference in the 
prescription of MAOBI, particularly in patients aged ≥75 years. One 
possible reason for the higher prescription rate of MAOBI in males 
could be the consideration of certain side effects of non-ergot DA, 
such as somnolence and sudden sleep onset, which may hinder daily 
activities like work and driving (24). The prescription of droxidopa, 
which is commonly used for treating neurogenic orthostatic 
hypotension (25) and freezing of gait (26), was higher in elderly 
patients compared with younger patients. The particularly high 
prescription rate among elderly male patients suggests that aging 
and male gender, which are risk factors for orthostatic hypotension 

(27), may contribute to this trend. Istradefylline is used as an add-on 
therapy to levodopa for patients with wearing-off symptoms, and it 
has recently been reported to have an effect on suppressing the 
increase in levodopa dosage in Japanese patients (28). It is possible 
that in males, who tend to have higher levodopa dosages, add-on of 
istradefylline is aimed at improving motor function without further 
increasing levodopa dosage. Zonisamide is approved in Japan as a 
treatment for PD, and it is expected to improve motor symptoms, 
wearing-off, and tremor when used as an adjunct to levodopa (29). 
At doses used for PD treatment, zonisamide is less likely to 
exacerbate dyskinesia and has fewer side effects (30), indicating that 
it be  widely used across genders and ages. In contrast, in newly 
treated elderly female patients, a broader range of medications 
following levodopa monotherapy were used without bias toward 
non-ergot DA, MAOBI, and zonisamide. Multiple studies have 
highlighted gender differences in various aspects of PD, including 
motor and non-motor symptoms, and quality of life (31, 32). For 
instance, depression, sleep disturbances, fatigue, pain, and reduced 
quality of life are more common in females, who also have a higher 
incidence of motor complications (11, 31, 33–35). In general, 
physicians, including movement disorder specialists, develop 
treatment strategies for PD based on symptoms, severity, efficacy, 
and side effects of anti-PD drugs. Although these large-scale data 
may reflect various clinical discretions beyond just specialists, it is 
suggested that gender differences in the pharmacokinetics and 
tolerability of levodopa, as demonstrated in previous studies, may 
be reflected in prescription choices. Our previous study has pointed 
to the need for treatment strategies in elderly patients that consider 
the diversity of comorbidities and the decline in metabolic function 
associated with aging (16). In this study, in addition to age, the 
impact of gender differences on prescribing patterns was observed. 
In recent years, an increased prevalence of PD among Japanese 

FIGURE 3

Prescribing patterns for anti-PD drugs in patients who newly initiated PD treatment, by gender and age. (A) All patients. (B) Patients aged ≥75 
years. (C) Patients aged <75 years. COMTI, catechol-O-methyltransferase inhibitor; DA, dopamine agonist; MAOBI, monoamine oxidase type B 
inhibitor; PD, Parkinson’s disease.

https://doi.org/10.3389/fneur.2025.1571718
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Seki et al. 10.3389/fneur.2025.1571718

Frontiers in Neurology 07 frontiersin.org

females has been reported (36–41). Given the aging population in 
Japan, the number of elderly female patients with PD is expected to 
continue to rise. Our findings suggest that in elderly females, who 
are the major demographic of patients with PD in Japan, treatment 
choices may reflect gender differences in response to levodopa, body 
size, and symptomatology, indicating a more tailored approach to 
treatment. While further studies are needed to investigate gender 
differences in PD symptoms and treatment, our results could provide 
important insights for more patient-centered care.

A strength of this study is that it utilizes data from three 
nationwide healthcare claims databases, providing a comprehensive 
overview of prescribing patterns across a large population of patients 
with PD in Japan. Additionally, this analysis includes elderly patients 
aged 75 years and older, highlighting prescribing trends in a 
demographic that is often underrepresented in clinical studies, 
thereby enhancing the relevance of the findings to the 
aging population.

The limitations of this analysis include the reliance on 
healthcare claims data, which restricts the ability to confirm actual 
medication use and does not provide information on the severity 
or duration of PD, or on clinical outcomes such as treatment 
efficacy and quality of life. This lack of data may confound the 
results, particularly in understanding how gender differences might 
influence treatment choices based on PD severity and 
comorbidities, which affect treatment strategies. Gender differences 
in prescribing patterns for individual drugs within each drug class 
have not been considered. Prospective studies and real-world 
studies using data from electronic medical records, evaluating 
symptom severity and clinical outcomes, could complement this 
study. Additionally, because the data were combined from three 
nationwide claims databases, the analysis population may not 
accurately reflect the gender distribution of patients with PD in 
Japan, limiting the generalizability of the findings. Lastly, the 
limited observation period of 3–4 years for the databases restricted 
the ability to assess long-term prescription patterns 
and characteristics.

5 Conclusion

This gender-stratified analysis using healthcare claims data 
revealed a high proportion of elderly female patients with PD in Japan. 
These patients received slightly lower maximum levodopa doses and 
showed less preference for the second-line drug, suggesting a more 
tailored treatment approach that considers individual patient 
conditions and gender differences.
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