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A B S T R A C T

Objectives: Parkinson's disease (PD) is a neurological disorder with increasing prevalence and use of medical 
services. Both ageing and geographic locality have been shown to be associated with the prevalence of PD. 
Therefore, the purpose of this research was to determine the influence of ageing and locality on medical service 
use in PD.
Study design: A retrospective data linkage analysis.
Methods: Data were acquired from the Sax Institute's 45 and Up Study baseline and linked with the Social, 
Economic and Environmental Factors (SEEF) and Medicare Benefits Schedule (MBS) databases. Statistical ana
lyses were performed on participant age and locality and persons who self-reported with PD living in New South 
Wales, Australia.
Results: A total of 1676 persons self-reported with PD from the 45 and Up Study baseline and were linked to the 
SEEF and MBS databases. Linear regression analysis showed increased likelihood for use of medical specialist 
services (46.9% for Neurology and 25.9% for Pathology) in major cities, however, there was a 44.9% increased 
use of General Practitioner (GP) services in rural, regional, remote (RRR) locality (p < 0.01). Moreover, a 
reduced Neurology and Pathology service use beyond the statistical age threshold was shown in PD (p < 0.05).
Conclusions: Specialist medical and support services are influential in the early stages of diagnosis and in 
maintaining health-related quality of life in persons with PD. Disparities in the use of medical services were 
identified between geographic locality and ageing in persons with PD. The increased use of GP services may be 
associated with reduced accessibility to medical specialist services in RRR localities.

1. Introduction

Parkinson's disease (PD) is the second most common neurodegen
erative disorder after Alzheimer's disease, with the incidence rate rising 
rapidly with ageing, and peaking at around 80 years of age.1 Globally 
the burden of neurological disorders such as PD continues to rise as 
populations age and with public health systems facing increased de
mand for treatment, rehabilitation, and long-term residential care.2

More recent research has identified age as the strongest risk factor for 

development of PD, with the median age of onset at 60 years, and the 
incidence rate approaching 93.1 persons per 100,000 between 70 and 79 
years of age.3,4 In Australia, 1 in every 308 persons is living with a 
diagnosis of PD, with this population being five times more likely to live 
in residential aged care facilities than persons without PD.5

There is increasing evidence that immune dysfunction associated 
with ageing, alongside genetic and environmental factors such as 
pesticide exposure, contributes to the development and progression of 
PD.6 While early detection in the pre-motor stages remains a clinical 
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priority,1,6,7 further research is required on individuals with an estab
lished diagnosis. For these patients, access to specialist services is critical 
not only for confirming diagnosis but also for implementing appropriate 
treatment strategies targeting both motor and non-motor symptoms.8

Understanding patterns of service use according to geographic locality is 
essential to inform the design of responsive care models, promote 
equitable access, and address health disparities for persons living with 
PD.9

Access to specialist services is essential not only for confirming a 
timely clinical diagnosis but also for guiding the long-term management 
of Parkinson's disease through tailored treatment strategies.8,10 Recent 
research puts forward that persons living with PD in rural, regional, and 
remote (RRR) localities have reduced access to medical specialist ser
vices, resulting in delayed PD diagnosis and treatment.1,11 Therefore, 
this research aims to assess the pattern of medical service use among 
persons with PD in the context of ageing and locality.

2. Methods

2.1. Study design and data sources

The present research applied a retrospective data-linkage analysis, 
leveraging data from The Sax Institute's 45 and Up prospective longi
tudinal study.12,13 Initiated in the state of New South Wales (NSW) be
tween 2005 and 2009, prospective participants aged 45 years and older 
were drawn at random from the Services Australia Medicare enrolment 
database, with those aged 80 years and over and residents of rural and 
remote areas intentionally oversampled.14 This longitudinal study con
sists of a sample of respondents who have agreed to provide 
health-related and sociodemographic information in three survey data 
points, or waves.12,13

A total of 267,357 participants joined the 45 and Up Study by 
completing the baseline questionnaire between 2005 and 2009 and 
giving consent for follow-up and linkage of their information to health 
and other databases.13 The estimated survey response rate was 19% 
representing approximately 11% of the NSW population aged 45 years 
and over.13 In the present study, a data subset was identified for those 
participants in baseline who answered yes to the question: “Has a doctor 
ever told you that you have [Parkinson's disease]?” This question was 
repeated in the 2010 Social, Economic and Environmental Factors 
(SEEF) survey collected in 2010 and enabled the data linkage to the 
baseline dataset in the present study.12,13 Participant survey data were 
also linked by the Sax Institute via deterministic matching using a 
unique identifier to the Medicare Benefits Schedule (MBS) database 
(2004 – 2019) supplied by Services Australia for records of the uti
lisation of medical service payments related to a Medicare item identi
fication code.

2.2. Sample size analysis

An a priori sample size calculation was performed using G*Power15

to estimate the necessary sample size for this study. This revealed a 
minimum sample size of 138 was required (G*Power setting: F-tests for a 
linear multiple regression, Effect size = 0.15; α err prob = 0.05, number 
of predictors = 5).

2.3. Informed consent statement

The 45 and Up Study survey complies with the privacy requirements 
of several applicable Acts of Parliament of Australia, including the Pri
vacy Act 1988 (Commonwealth), Health Records and Information Pri
vacy Act 2002 (NSW) and the NSW Health Privacy Manual for Health 
Information.

2.4. Statistical procedures

A member of the research team (AW) performed the data analysis 
within the Secure Unified Research Environment (SURE). Descriptive 
statistics were performed to determine frequencies and percentages for 
the demographic data pertaining to locality, age, gender, country of 
birth, and time since PD diagnosis from the merged dataset. Descriptive 
analysis was performed to outline the use of the most common MBS 
services (Neurology, Pathology, General Practitioner) accessed by per
sons with PD across the age groups. The variables “age” and “time since 
diagnosis” are defined as the patient's age and the duration since diag
nosis at the patient's entry to the study.

The Sax Institute unique identifier was used to retrieve MBS provider 
data. MBS data were categorised and compared using the Australian 
Bureau of Statistics (ABS) categories for remoteness: major cities, inner 
region, outer region, remote and very remote regions. Where numbers 
for a specific region were low the regions were combined into a ‘non- 
metropolitan’ category.

All services accessed by the PD participants were initially retrieved 
and then sorted by frequency of access and in the case of General 
Practitioner (GP) access, they were then grouped for the purposes of 
reporting. Only those with a significant difference determined based on 
location are reported. A list of representative MBS item codes are pre
sented in Appendix A. Service use data were compared across locations 
and analysed by service type, including Neurology, Pathology, and 
General Practitioner. Pathology services encompass diagnostic tests 
such as blood, urine, or tissue analysis used to detect, confirm, or 
monitor health conditions. To be eligible for Medicare benefits, these 
services must fall under Category 6 of the MBS and be formally 
requested by a treating practitioner. General practitioners are medically 
qualified professionals who meet specific criteria such as holding 
Fellowship with the Royal Australian College of General Practitioners 
(RACGP) or Australian College of Rural and Remote Medicine (ACRRM), 
or undertaking accredited general practice training that authorise them 
to provide and claim Medicare-funded services. These services include a 
wide range of clinical activities, from diagnosis and treatment to pre
ventive health assessments and chronic disease management, all eligible 
for Medicare reimbursement.

Linear regression analysis was performed to ascertain the relation
ship between use of medical services (Neurology, Pathology, General 
Practitioner) as dependent variables. The dependent variables represent 
the average number of MBS services per person included in the sample. 
Log transformation was applied to these variables to address distribu
tional irregularities commonly found in empirical data. Independent 
variables for locality, age, gender, and time since diagnosed with PD 
were included. Statistical significance threshold was set at p < 0.05. 
Since PD is generally considered an age-related disease,16 we account for 
the non-linear effect of patient age on medical care17 by adding an 
age-squared variable to the regression model. This approach allows us to 
determine the age threshold18 which may vary according to the type of 
MBS services considered in this paper. In estimating the models, robust 
standard errors are employed to correct for heteroskedasticity, which 
can distort OLS standard errors, a frequent concern in applied empirical 
research. In addition, time fixed effects are incorporated into the model 
to account for period-specific factors that might otherwise bias the re
sults.19 In this study, the analysis of medical services spans multiple 
years. Time fixed effects are included to account for economic cycles and 
health-related regulatory changes that may influence healthcare access, 
service quality, and affordability in any given year.

While Poisson regression may be more appropriate for modelling 
count data, the primary objective of this study is to examine the average 
relationship between variables rather than to capture the underlying 
distribution of the counts. Therefore, a linear regression framework is 
better aligned with the study's overall objectives. Furthermore, the ab
solute values of the log-transformed dependent variables range from 0.3 
to 0.7, indicating a distribution that more closely aligns with normality 
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than with the assumptions underlying Poisson or negative binomial 
models.

3. Results

3.1. Participant demographics

From the Sax Institute's baseline survey (2005 to 2009), a subset of 
1676 respondents who self-reported as having PD were identified of 
whom 1624 had linkage to MBS service use data. The respondents who 
took part in the survey were linked to the MBS service data collected 
from 2004 to 2019. The median duration of MBS service utilisation over 
the period was 13.1 years, with an interquartile range of 2.9 years. 
Participant demographic characteristics across remoteness (locality), 
age, gender, country of birth, and time since diagnosis are shown in 
Table 1. The descriptive analysis using ABS geographic boundaries were 
merged due to low numbers of survey respondents from remote areas. 
The median age of those with PD in major cities was 72.9 years 
compared to 72.6 years in RRR localities. The minimum age across both 
regions was 46 years and maximum age was 98 in major cities and 97 
years in RRR. A greater proportion of persons with PD lived in major 
cities (55.4%) compared to RRR localities. The highest proportion 
(44.4%) of persons with PD were in the 75+ years age group. There was 
a greater proportion of male participants with PD (56.7%). The mean 
number of years since PD diagnosis was 7.8 years (±9.1) with most PD 
participants being Australian born (74.5%), refer to Table 1. In Table 1, 
“age” and “time since diagnosis” represent the mean values calculated in 
2005.

3.2. Number of medical services with age in Parkinson's disease

Results for the total number of medical services based on the Medi
care Benefits Schedule among persons with PD shows a marked incline 
from 28,568 to a peak of 222,120 medical services across each age group 

(Fig. 1). However, results for the number of medical services per person 
with PD shows a peak within the 65-74 age group.

3.3. Medical service use (neurology, pathology, general practitioner) in 
persons with Parkinson's disease

Regression analysis between medical service use and location, age, 
gender, time since PD diagnosis is shown in Table 2. These results reveal 
that in major cities compared to RRR locality there was 46.9% (=exp 
(0.385)- 1), and 25.9% increased likelihood for the use of Neurology and 
Pathology services, respectively. However, there was a 30.9% (=exp 
(-0.371)-1) reduced use of General Practitioner (GP) services in major 
cities compared to RRR locality among persons with PD. In the context 
of RRR locality, this translates to a 44.9% increased use of GP services 
(=exp(0.371)-1) compared to major cities (p < 0.01).

For the Age variable, there was an increased likelihood for Pathology 
service use, denoting that for each additional year of age, the use of 
Pathology services increased by 14.6% (=exp(0.137)-1) for persons with 
PD. Due to the non-linear effect of age on service type, the coefficient for 
age-squared (Age2/100) was significant and negative for Neurology and 
Pathology. Specifically, for Age2/100 there was a reduced likelihood of 
Neurology and Pathology service use above the age threshold among 
persons with PD. The respective age thresholds for Neurology and Pa
thology are estimated as 55.98 (=-exp(0.051)/(2*(-exp(-0.062)))*100) 
and 62.80 (=-exp(0.137)/2*(-exp(-0.091))*100). This indicates that for 
each year beyond the age threshold, there was a 1.88% and 1.83% 
reduced likelihood for the use of Neurology and Pathology services in 
PD, respectively.

Although statistical significance was marginal (p = 0.07), there was a 
14.3% reduced likelihood for GP service use in female participants with 
PD. For the variable Time since diagnosis of PD, there was an 1.6% 
increased likelihood use of Neurology services compared to initial 
diagnosis among persons with PD. This indicates that for each year since 
PD diagnosis, there is an increase in the likelihood for use of Neurology 
services by an additional 1.6%. Over a period of 10 years this reveals a 
16% increase in the use of Neurology services among persons with PD.

4. Discussion

The purpose of this research was to determine the impact of medical 
service use among persons with PD in the context of ageing and rurality. 
Demographic findings in this research, as based on data from NSW, 
Australia, revealed that 44.6% of persons with PD lived in rural, 
regional, and remote localities. This differentiates from research based 
on data from Ontario, Canada, showing 10.7% of persons with PD living 
in rural localities.20 Hence the present results show a substantive pro
portion of persons with PD living in RRR localities in NSW. Previous 
research has revealed inequalities in the provision of Parkinson's disease 
specific care within Australian RRR localities.1 RRR localities are often 
under resourced with reduced capacity for medical specialist services 
which has a significant bearing on PD health provision and quality of 
life.

Ageing remains the biggest risk factor for developing idiopathic 
Parkinson's disease.15 The present results reveal the highest proportion 
age group for persons with PD was 75 years and above. This is in accord 
with previous research showing the highest prevalence of PD within the 
65-84 year age brackets.20 With advancing age, the accumulation of 
several deficits such as mitochondrial DNA defects and oxidative dam
age, increases the vulnerability of substantia nigra neurons towards cell 
death in PD.15 However, there remains a significant gap in the knowl
edge base into what specific age-related factors predispose some in
dividuals to develop Parkinson's disease.

The present results revealed a linear increase in the overall medical 
services utilised by persons with PD across the age groups. However, the 
average number of medical services per person shows a peak within the 
65-74 year age group. It is not exactly certain why this peak lies within 

Table 1 
Participant demographic characteristics.

Variablesa Mean SD N %

Localityb ​ ​ 1676 ​
​ Major city ​ ​ 928 55.4
​ Rural ​ ​ 748 44.6
Agec ​ 71.8 10.5 1676 ​
​ 45-54 ​ ​ 123 7.3
​ 55-64 ​ ​ 294 17.6
​ 65-74 ​ ​ 515 30.7
​ 75 + ​ ​ 744 44.4
Gender ​ ​ 1676 ​
​ Male ​ ​ 951 56.7
​ Female ​ ​ 725 43.3
Country of birth ​ ​ ​ ​
​ Australian born ​ ​ 1676 ​
​ Yes ​ ​ 1249 74.5
​ No ​ ​ 427 25.5
PD condition ​ ​ ​ ​
​ cTime since diagnosed (years) 

((years(yrs.)
7.8 9.1 1676 ​

Number of MBS services
​ Neurology 13.7 22.6 1624 ​
​ Pathology 98.3 106.9 1624 ​
​ GP 58.3 66.3 1624 ​

SD, standard deviation.
N, number of participants.
GP, General practitioner.

a Baseline questionnaire data book https://www.saxinstitute.org.au/wp-cont 
ent/uploads/December-2011-DATA-BOOK-_final_5531.pdf.

b Merged localities were formed due to low numbers of survey responses from 
remote areas. This included merging the responses from Outer regional, Remote, 
and Very Remote into a single locality titled Rural.

c Calcuated in 2005.
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this age bracket when PD incidence rates have been shown to peak 
within the 70-79 age bracket.21 In research by Willis et al., PD incidence 
rate in ages 65 and older ranged from 108 to 212 per 100,000 persons, 
however, the 45 years and older age group reveals a PD incidence rate 
ranging from 47 to 77 per 100,000 persons.22 Hence, the average 
number of medical services per patient which peaked within the 65-74 
year bracket in the present research is likely associated with the added 
medical costs attributed to disease diagnosis and establishing treatment 
protocols.

Findings in the present research also exposed differences in medical 
service use in PD between major cities and RRR. This revealed a sig
nificant 46.9% increased likelihood for the use of neurology and 25.9% 
increased pathology medical service use within major cities compared to 
RRR localities. In contrast, there was an 44.9% increased use of GP 
services in in RRR localities compared to major cities. It is likely this is 
due to a reduced accessibility of specialist medical services in RRR lo
calities which could lean towards an increased reliance on GP service 
use.23 For persons with PD living in Australian rural and remote local
ities, accessing specialist care remains a challenge,11 particularly in 
early disease assessment and management. Diagnosis is a vital stage in 
accessing treatment and care, however, diagnostic error and delay is a 
significant problem in PD.24,25 Our results also reveal an increased use of 
Neurology specialist services with age, suggesting a reliance on this 
medical service, particularly in the early stages of PD.26 For those living 
in RRR localities with reduced accessibility to PD specialist care, delays 
in diagnosis and treatment can lead to worsening symptoms, heightened 
morbidity from falls, and increased hospital admissions which translates 
to suboptimal PD management, lower health-related quality of life, and 

greater healthcare costs.1,27

Access to health care can be defined as ‘the opportunity to reach and 
obtain appropriate health care services in situations of perceived need 
for care’.28 The inequity in PD specialist service use and the increased 
dependence on GP services in RRR localities in the present study aligns 
with previous studies. In research by Crighton et al.,29 there was marked 
spatial variability in PD-related service utilisation in Ontario, Canada, 
with neurology visits being significantly higher in urban areas. More
over, the rates of family physician visits were shown to be higher in more 
rural and remote areas. This pattern is consistent with spatial accessi
bility patterns. In neurology service use, the positive relationship be
tween specialist accessibility and increased visitation to neurologists has 
been established.29 However, this relationship can diverge as shown 
with North American Appalachian metropolitan areas indicating lower 
neurological service use, potentially due to factors such as cultural at
titudes, reduced specialist care-seeking behaviour, and lower demand 
for specialist services.30

In the context of medical service use and ageing in PD, the present 
findings reveal that as a person with PD ages there is a reduced use of 
specialist medical services (Neurology and Pathology). This also aligns 
with previous research in Ontario, Canada, showing reduced Neurology 
service use with ageing in PD.28 It is not certain why this pattern of 
medical service use arises with ageing in PD however this may be 
associated with increased dependence on multidisciplinary and 
non-pharmacological interventions in the post-diagnostic stage.24 With 
disease progression, many features of PD do not respond to pharmaco
therapy. Hence the reduced medical specialist service use with ageing in 
PD may be associated with a greater uptake of interventions such as 

Fig. 1. Total medical services by age group and per person with Parkinson's disease.

Table 2 
Regression analysis of medical service use (Neurology, Pathology, GP) in persons with Parkinson's disease.

Variables Neurology services p-value 95% CI Pathology services p-value 95% CI GP services p-value 95% CI

Coef. Coef. Coef.

Major cities 0.385*** 0.0000 [0.255,0.515] 0.231*** 0.0000 [0.119,0.343] − 0.371*** 0.0000 [-0.538,-0.205]
Age 0.051 0.2340 [-0.033,0.133] 0.137*** 0.0010 [0.056,0.218] 0.032 0.5660 [-0.078,0.142]
Age2/100 − 0.062** 0.0450 [-0.122,-0.001] − 0.091*** 0.0020 [-0.147,-0.034] − 0.013 0.7490 [-0.091,0.065]
Female 0.017 0.7960 [-0.109,0.142] − 0.005 0.9290 [-0.112,0.102] − 0.154* 0.0700 [-0.319,0.012]
Time since diagnosed 0.016*** 0.0000 [0.008,0.024] − 0.004 0.2470 [-0.012,0.003] − 0.007 0.1510 [-0.016,0.002]

R-squared 0.369 ​ ​ 0.315 ​ ​ 0.224 ​ ​
F-test 26.976*** ​ ​ 19.926*** ​ ​ 16.133*** ​ ​

Number of observations 792 ​ ​ 897 ​ ​ 849 ​ ​

Log Neurology, Pathology, General Practitioner (GP).
***p < 0.01, **p < 0.05, *p < 0.1. All regressions are performed with robust standard errors and controlled for year fixed effects. Note that the number of observations 
does not exactly match the cohort size of 1,676, as not all participant IDs could be successfully linked to the MBS service use data.
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physiotherapy, exercise, and gait training. Support strategies such as PD 
nurse specialists have also been sporadically rolled out across NSW RRR 
localities,4 however, this healthcare model does not overcome the 
diagnostic and pharmacologic requirements in early disease 
management.23

In the past decade telehealth has emerged as a strategy to combat 
shortages of medical and health services. In a geographically vast yet 
urbanised country such as Australia, telehealth has offered the potential 
to deliver timely and cost effective health services.31 This model could 
potentially extend into remote areas and deliver PD specialist care. 
However, despite high demand for health services and health disparities 
across rural and remote Australia, the uptake of telehealth has been slow 
and ad hoc.32 There are several possible and complex reasons for this 
including the ‘digital divide’ and digital literacy between rural and 
metropolitan areas. Social-cognitive factors associated with ageing or 
living with disability also impact on the skills, motivation, and the 
confidence in using digital technologies.

4.1. Strengths and limitations

Limitations within the present study include that the data is based on 
survey responses requiring participants to self-report their PD status. In 
the present study, some geographic regions were merged due to low 
participant numbers in remote regions. Hence aggregate data may not 
accurately reflect outcomes in the remote areas. While this data is an 
early baseline dataset from the 45 and Up Study 2005-2009 recruitment 
phase, the linked MBS data is 2004 to 2019 and so provides a larger 
dataset to potentially reveal future trends in a longitudinal comparative 
analysis. Another potential limitation of our study is that participants 
diagnosed with PD were enrolled between 2005 and 2009, while the 
MBS data span from 2004 to 2019. As a result, some medical service use 
data may reflect the period prior to a participant's PD diagnosis. How
ever, the average time since PD diagnosis was 7.8 years as of 2005, 
indicating that most participants were already diagnosed at the start of 
the study period. Therefore, we expect minimal, if any, impact on our 
main findings. It should be noted that the 45 and Up Study cohort re
flects the oversampling of people aged over 80 and those resident in 
rural and remote areas; includes higher income groups, and the potential 
under-representation of First Nations people in NSW. Therefore, the 
generalisability of the results must be approached with some 
caution.13,33 Unfortunately, patient follow-up data were not available to 
researchers at the time of the study. We acknowledge this limitation and 
intend to incorporate follow-up data in future research to strengthen the 
depth and robustness of our analyses.

4.2. Conclusion

Differences in the use of medical services were identified between 
geographic locality and ageing in persons with PD. Rural, regional, 
remote locality revealed lower rates of Neurology and Pathology 
specialist service use compared to major cities, suggesting inequities in 
medical specialist accessibility. However, a higher rate of GP service use 
implies a greater reliance in this medical service among rural, regional, 
remote localities. The increased reliance on general practitioner services 
in these settings underscores the need for targeted public health stra
tegies to improve specialist accessibility and support equitable care 
delivery.
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