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The burden of Parkinson's
disease, 1990-2021: a systematic
analysis of the Global Burden of
Disease study 2021
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Qian Fan?, Ping Yin'* and Yue-Lai Chen'*

!LongHua Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai, China, ?Gansu
Provincial People's Hospital, Lanzhou, China

Background: The pathogenesis of Parkinson’s disease (PD) remainsincompletely
understood, has drawn significant attention within the scope of the Global
Burden of Disease (GBD) study. Therefore, to explore PD’s global burden and
devise countermeasures is indispensable.

Methods: Data from GBD 2021 to analyze age standardized incidence rate
(ASIR), prevalence rate (ASPR), mortality rate (ASMR), and disability adjusted life
years (DALYs) rate (ASDR) burden of PD globally. Moreover, the estimated annual
percentage change (EAPC) was utilized to gauge PD burden trends from 1990 to
2021. Subsequently, PD burden by sex and 21 GBD regions was further evaluated
in 2021. Moreover, the influence of age, sex, and socio-demographic index (SDI)
on burden of PD from 1990 to 2021 was examined. Finally, the projection of
burden of PD from 2022 to 2026 was also conducted.

Results: From 1990 to 2021, ASIR, ASPR, and ASDR were shown to be on an
upward trend for both males and females. However, ASMR was higher in males
than in females. In addition, ASIR, ASPR, and ASDR in the East Asian region were
found to be the highest, and they were higher among males than among females.
Notably, with the elapse of years, PD’s total incidence cases, prevalence cases,
mortality cases, and DALYs cases were all presented with an upward trend.
Moreover, in 1990 and 2021, ASDR in 75-79 age group was the highest. Finally,
from 2022 to 2026, PD’s ASIR and ASPR were predicted to exhibit an upward
tendency, while ASMR and ASDR were expected to show a downward trend.

Conclusion: The research showed a growing global ASIR and ASPR of PD over
time, urging more effective health policies to ease its burden.

KEYWORDS

Parkinson'’s disease, Global Burden of Disease, incidence, prevalence, mortality,
disability adjusted life years

1 Introduction

Parkinson’s disease (PD) is a clinicopathological syndrome characterised by retardation,
tremor and dyskinesia associated with degeneration and loss of dopaminergic neurons due to
aggregation of a-synuclein proteins (Lewy bodies) in the substantia nigra (Gibb and Lees,
1988). The global incidence of PD was 8-18 per 100,000 (Al-Kuraishy et al., 2023). The
prevalence in people over 65 was 2% and increases with age (Hong et al., 2022). PD was about
twice as prevalent in men as in women, and the incidence and prevalence of PD was slightly
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higher in the West than in the East (Yu and Wu, 2022; He et al., 2022).
The number of patients was expected to increase to about 10 million
worldwide by 2030 (GBD 2016 Parkinson's Disease Collaborators,
2018). Currently, the diagnosis of PD was made by clinical
presentation combined with laboratory tests and imaging (Li et al.,
2022). Common treatments for PD were medications and surgery.
Pharmacological interventions for PD encompass several classes of
(e.g.
pramipexole), monoamine oxidase B inhibitors (MAOBIs, e.g.,

medications, including dopamine receptor agonists
selegiline), catechol-O-methyltransferase inhibitors (e.g., entacapone),
anticholinergic agents (e.g., benztropine), and N-Methyl-D-aspartate
(NMDA) receptor antagonists (e.g., amantadine). While these
therapeutic agents demonstrate efficacy in ameliorating dyskinesia
during the initial stages of PD, they were associated with the
development of motor fluctuations and may exacerbate dyskinesia in
advanced disease stages (Waller et al., 2021; Stevenson, 1997). Surgical
treatments such as deep brain stimulation, although effective in
improving symptoms, were difficult to generalize due to their
complexity, high cost and a range of complications (Serva et al., 2022).
The high cost and burden of clinical management of PD had become
a serious global public health problem. Thus, it was imperative to
assess the epidemiological trends of PD accurately and to thoroughly
investigate the current disease burden of PD, which was essential to
raise public awareness and increase knowledge among health
policy makers.

The Global Burden of Disease (GBD) study was a systematic
scientific effort to quantify the severity, risk factors, and
intermediate clinical outcomes of all major diseases in a highly
standardised way that allows comparisons across time,
populations, and health problems (Murray, 2022). GBD study now
provides annual estimates for 371 diseases and injuries, along with
3,499 clinical outcomes (sequelae) associated with these
conditions, spanning 204 countries and regions, as well as
sub-national units in over 20 countries since 1990 (Murray, 2022).
Global epidemiological data from 1990 to 2019 demonstrate
consistent increases in age-standardized rates (ASRs) for PD
incidence, prevalence, and years lived with disability (YLDs), with
estimated annual percentage changes (EAPCs) of 0.61, 0.52, and
0.53, respectively, particularly affecting individuals over 65 years
and showing accelerated growth beyond 80 years, while the
United States and Norway exhibited the most pronounced upward
trends with EAPCs of 2.87 and 2.14 (Ou et al., 2021). However,
approximately 30 countries have shown a declining trend in PD,
particularly Italy and the Republic of Moldova (Ou et al., 2021).
Currently, the most recent assessment of the global, regional and
national burden of PD relies on GBD 2019 data, and a
comprehensive analysis of the global burden of PD using the latest
GBD 2021 data had not yet been conducted.

In summary, this study, based on the 2021 GBD database,
analyzed the global burden of PD in terms of incidence,
prevalence, mortality and Disability Adjusted Life Years (DALYs),
and its association with various population stratification
indicators, including time, age, gender, region, and the Socio-
Demographic Index (SDI). The study also used historical data to
project the global burden of PD for the next 5 years, from 2022 to
2026. The aim is to provide guidance for the epidemiological
surveillance of Parkinson’s disease and to help determine the most
appropriate public health intervention strategies.
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2 Methods
2.1 Data acquisition

Within the framework of the International Classification of
Diseases (ICD), specifically the 10th revision (ICD-10), classification
codes corresponding to PD were G20-22 (Xu et al,, 2024). In this
study, the PD data analysed were taken from the GBD database.! By
clicking on the GBD Results Tool® (accessed on October 25th, 2024),
raw PD data for 204 countries worldwide from 1990 to 2021 were
downloaded according to ICD codes. Although sub-national level
(such as provincial and state-level) data existed for some large
countries (e.g., China and India), only national-level data were
included in this study to ensure the consistency and comparability of
the datasets for 204 countries/regions worldwide. All of these data can
be freely obtained via Global Health Data Exchange.’ This database
primarily compiles statistics on the burden of 371 diseases and
injuries, enabling us to understand the probability of a certain disease
occurring in a specific time period and among a particular population
during the period from 1990 to 2021 (GBD 2021 Diseases and Injuries
Collaborators, 2024). Moreover, it accurately measured and presented
key indicators such as incidence, prevalence, mortality, and DALY’ of
various diseases within different ages, sex, and geographical groups
(Murray and GBD 2021 Collaborators, 2024). Information on the
above estimated indices was provided in a comprehensive manner in
the appendix of the GBD 2021 key document (GBD 2021 Tuberculosis
Collaborators, 2024).

2.2 Demographic characteristics

The ages were grouped into 5-year intervals. Specifically, they
were divided into the following groups: < 5, 5-9... 90-94, and
95 + years. The SDI is a holistic measure of the level of
development of a country or region. It was made up of factors
such as per capita income, years of education and the fertility rate
of women under 25. If closer the SDI value was to 1, the higher
the level of social and demographic advancement of the country
or region, indicating a more ideal state in aspects such as economy,
education, and population structure. Conversely, the closer the
SDI value was to 0, the relatively lower the level of development,
indicating that the country or region may be facing problems such
as economic backwardness, inadequate educational resources and
an irrational population structure. Based on SDI values, all
nations or regions can be categorized into five levels of
development: low (< 0.455), lower-middle (0.455-0.608), middle
(0.608-0.690), high-middle (0.690-0.805) and high (> 0.805)
(Fang et al., 2022). Based on similarities in epidemiology and
geographical proximity, 204 countries (regions) were grouped into
21 GBD regions (GBD 2019
Collaborators, 2020).

Diseases and Injuries

1 https://ghdx.healthdata.org/ihme_data
2 https://vizhub.healthdata.org/gbd-results/
3 https://ghdx.healthdata.org/gbd-2021/sources
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2.3 PD burden indicators

DALYs were used as an indicator to comprehensively measure the
burden of disease [DALYs =YLDs + Years of Life Lost (YLLs)].
DALYs, incidence, prevalence and mortality, together with ASR
[age-standardized DALY rate (ASDR), age-standardized incidence
rate (ASIR), (ASPR),
age-standardized mortality rate (ASMR)], and 95% uncertainty
intervals (UI) were utilized to represent the burden of PD. The 95%
UI was defined as the range of values within which the true value of

age-standardized  prevalence rate

the target parameter was expected to lie, commonly used in
epidemiological, statistical, and medical research. Rates were reported
per 100,000 population. In each calculation step, the UI was according
to the 2.5th and 97.5th percentiles of 1,000 drawn-level estimates. The
EAPC was a holistic metric designed to measure changing long-term
trends in the ASR of disease burden. Formal statistical comparison of
EAPC across groups was not a standard practice, and it was calculated
using the generalised linear regression model InY = a + T + €. In this
model, Y was the quantity or ratio, Yis the ASR, T is the calendar year,
f was the regression coefficient, and € was the error term (Cen et al.,
2024). The EAPC was expressed as 100 x (exp[f] — 1), with a 95%
confidence interval (CI) (Cen et al,, 2024). EAPC was frequently used
in epidemiological, statistical, and public health research to describe
the average annual change trend of an indicator over a period. An
upward trend of the indicator was indicated when EAPC > 0, a
downward trend was shown when EAPC < 0, and no significant trend
change of the indicator was observed when EAPC = 0. 95% CI was not
referred to as the probability that the population parameter fell within
the interval being 95%, but rather that if sampling were repeated
multiple times (e.g., 100 times), the confidence intervals calculated
would contain the true population parameter approximately 95 times.
Overlapping confidence intervals were indicative of no statistically
significant differences between groups (McCormack et al., 2013). The
coefficients of the linear regression model fitted using Ordinary Least
Squares (OLS) were used to estimate the significance of each indicator
from 1990 to 2021. A p-value less than 0.05 was indicated to
be statistically significant.

2.4 Statistical analysis

To obtain the disease burden of PD in 204 countries at the global
level in 1990 and 2021, the ASIR, ASPR, ASMR, and ASDR of PD data
were extracted based on the “dplyr” package (v 1.1.4) (Mangiola et al.,
2021). Subsequently, a world map covering 204 countries was created
for visualization through “ggplot2” package (v 3.4.1) (Gustavsson
et al., 2022) In addition, the “flextable” package (v 0.9.6)" was also
utilized to create tables to display ASIR, ASPR, ASMR, and ASDR of
PD in different sexes, classified by 21 regions and SDI in 1990 and
2021. And EAPC values were calculated to understand the trends of
burden indicators for PD in the context of temporal changes. We then
examined the burden of PD at the level of the 21 regions in 2021. The
“ggplot2” package (v 3.4.1) was utilized to generate histograms, which
facilitated comparison of incidence, prevalence, mortality, DALYs, and

4 https://davidgohel.github.io/flextable/
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ASIR, ASPR, ASMR, and ASDR between different sex. Next, in order
to understand the burden of PD at different SDI levels, “ggplot2”
package (v 3.4.1) was utilized to draw bar charts to compare EAPC
changes trends of ASIR, ASPR, ASMR and ASDR globally and in the
five SDI regions. Furthermore, the “ggplot2” package (v 3.4.1) was also
employed to generate a stacked area chart. The aim was to describe the
trends of changes in total incidence cases, prevalence cases, mortality
cases and DALYs cases of PD globally and in five SDI regions from
1990 to 2021. Besides, with the objective of understanding with
respect to SDI and PD’s disease burden association in different regions
during the period from 1990 to 2021, “cor” package (v 0.8.3)
(Verhaegen et al., 2024) was utilized to conduct Spearman correlation
analysis method for evaluating correlations between SDI and ASIR,
ASPR, ASMR, and ASDR under conditions of 21 GBD regions
(|correlation (cor)| > 0.3, p < 0.05). The influence of both age and sex
on the burden of PD in patients in 1990 and 2021 was also examined.
Histograms were generated by “ggplot2” package (v 3.4.1) to facilitate
comparison of differences and trends in incidence, prevalence,
mortality, and DALYs from 1990 to 2021, across different sex and age
groups. Finally, the “forecast” package (v 8.23.0)° and “tseries” package
(v 0.10-58)° were employed in construction of autoregressive
integrated moving average (ARIMA) model, and model was assessed
through a white noise test. The auto. arima function from the
“forecast” package (v 8.23.0) was used to identify an optimized
ARIMA model that minimizes both the akaike information criterion
(AIC) and the bayes information criterion (BIC). The AIC was used
to measure the goodness of fit of the model while taking the model’s
complexity into account. A smaller AIC value was considered to
indicate a better fitting effect of the model. The BIC, similar to AIC,
imposed a stricter penalty on model complexity. A smaller BIC value
was regarded as suggesting a better fitting effect of the model. Then
ARIMA model was applied to predict PD’s ASIR, ASPR, ASMR and
ASDR in next 5 years, with statistical analysis incorporating 95%
CI. First, the raw GBD data were read, and then the ASIR, ASPR,
ASDR, and ASMR data were extracted. The ARIMA_Plot function
was used to perform ARIMA modeling and forecasting. Prediction
results were presented using the “ggplot2” package (v 3.4.1). Statistical
analyses were performed using R language (v 4.2.2), and results were
considered statistically significant if the corresponding p < 0.05 (Xu
et al., 2024). Moreover, the model’s predictive performance was
evaluated through the Mean Error (ME), Root Mean Squared Error
(RMSE), Mean Absolute Error (MAE), Mean Percentage Error (MPE),
Mean Absolute Percentage Error (MAPE), Mean Absolute Scaled
Error (MASE), and Autocorrelation Function at Lag 1 (ACFIL).
Smaller values of MAE, RMSE, MAPE, and MASE were indicative of
better predictive performance of the model. For ME, MPE, and ACF1,
the ideal values were close to 0, and the closer the predicted values
were to the actual values, the higher the predictive performance
became. The rationality of the model assumptions was verified
through residual normality tests, and a Q-Q plot for residual normality
of the ARIMA model was drawn. The Box.test function was used to
conduct the Ljung-Box test to examine whether all autocorrelation

5 https://pkg.robjhyndman.com/forecast/
6 https://CRAN.R-project.org/package=tseries
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coefficients of the residuals were zero. If the overall correlation
coeflicient was zero, it indicated white noise with no autocorrelation.

3 Results
3.1 The burden of PD in 204 countries

Significant variations in ASIR, ASPR, ASMR, and ASDR for PD
were observed across different countries. Specifically, in 1990, the
country with the highest ASIR was the Netherlands 18.78 per 100,000
(95% UI = 16.77-20.45), followed by Israel, with 18.45 per 100,000
(95% UI = 16.07-21.73). In 2021, country with the highest ASIR was
China, with 24.34 per 100,000 (95% UI = 20.67-28.30) (Figures la,b;
Supplementary Tables S1, S2). Regarding ASPR, in 1990, the top three
countries were Israel, with 164.48 per 100,000 (95% UI = 138.47-
199.54), Italy with 160.72 per 100,000 (95% UI = 136.22-187.75), and
Netherlands with 162.18 per 100,000 (95% UI = 143.17 to 181.79).
Surprisingly, the country with the highest ASPR in 2021 was still
China with 245.73 per 100,000 (95% UI=208.28 to 289.24)
(Figures 1¢,d; Supplementary Tables S3, 54). In addition, the countries
with the highest ASMR in 1990 and 2021 were Qatar with 12.99 per
100,000 (95% UI = 11.17 to 14.9) and Honduras with 9.65 per 100,000
(95% UI=776 to 11.65),
Supplementary Tables S5, S6). For ASDR, the top countries in 1990
and 2021 t were still Qatar with 199.42 per 100,000 (95% UI = 173.24
to 227.31) and Honduras with 157.67 per 100,000 (95% UI = 131.01
to 188.02), respectively (Figures 1g,h; Supplementary Tables S7, S8).
Notably, from 1990 to 2021, ASIR, ASPR, and ASDR of PD in China
displayed an increasing tendency, while ASMR presented a downward

respectively  (Figures  le)f

trend, indicating that both therapeutic approaches for PD and
comprehensive patient care had been achieved, but the increase in
indicators such as ASIR also indicated that more efforts were needed
in aspects such as disease prevention, early screening and etiology
research. There was a need to further explore how to reduce the
incidence of PD at the source and improve the health of the population
as a whole to better address the many problems caused by the disease.

3.2 Trends in the GBD of PD from 1990 to
2021

Based on the GBD database, among the male population, from
1990 to 2021, globally, ASIR of PD climbed at a pace of 1.11% by the
year (95% CI = 1.09-1.13, p < 0.05); ASPR climbed at a pace of 1.70%
each year (95% CI = 1.67-1.73, p < 0.05); ASMR climbed at a pace of
0.21% annually (95% CI = 0.14-0.28, p < 0.05); and ASDR climbed at
a pace of 0.37% annually (95% CI=0.31-0.42, p <0.05). When
analyzed by different SDI levels, Middle SDI region had the fastest
growth rates for ASIR and ASPR. ASIR increased by 1.57% (95%
CI=1.53-161, p < 0.05) and ASPR grew by 2.50% (95% CI = 2.45-
2.55, p < 0.05). For ASMR and ASDR, Low - middle SDI region had the
fastest growth rates, with an grow of 0.61% (95% CI =0.53-0.70,
p<0.05) and 0.56% (95% CI=0.51-0.61, p <0.05), respectively
(Table 1). Additionally, in the female population, globally, the ASIR of
PD experienced an increase of 0.93% per year (95% CI = 0.91-0.95,
P <0.05); ASPR experienced an increase at a rate of 1.25% per year
(95% CI=1.23 to 1.27, p <0.05); while ASMR witnessed a 0.01%

Frontiers in Aging Neuroscience

10.3389/fnagi.2025.1596392

decline per annum (95% CI = — 0.04 to 0.03, p =0.79); and ASDR
witnessed a 0.14% growth per annum (95% CI = 0.11 to 0.17, p < 0.05).
Among different SDI regions, Middle SDI region also demonstrated the
most rapid growth rates for ASIR and ASPR. ASIR escalated by 1.31%
(95% CI =1.28 to 1.35, p < 0.05) and ASPR escalated by 2.02% (95%
CI=1.97t02.07, p < 0.05). In the middle SDI region, ASMR decreased
at a rate of 0.57% per year (95% CI = — 0.61 to - 0.52, p < 0.05). The
growth rates of ASDR in High SDI and Low - middle SDI regions were
approximately the same, at around 0.38% (Table 2). Overall, both ASIR
and ASPR were on the rise among both males and females, while
ASMR of females was decreasing. Notably, ASDR for males exceeded
that of females, which indicated that burden of PD was higher in males.

3.3 Global disease burden trends of PD by
sex and age in 2021

There were significant differences in incidence, prevalence, mortality,
and DALYs, as well as ASIR, ASPR, ASMR, and ASDR of PD between
different sexes and 21 GBD regions. In detail, in 2021, region with the
highest incidence and ASIR of PD was East Asia, and Among males,
both the incidence and ASIR were higher in comparison to females
(Figures 2a,b; Supplementary Tables 9, S10). Surprisingly, same results
were observed for prevalence and ASPR of PD (Figures 2¢,d;
Supplementary Tables S11, 512). The area recording the highest mortality
rate was East Asia. Among males, High-income North America boasted
the highest ASMR, with Southern Latin America coming right after it.
In the case of females, Western Sub-Saharan Africa held the top position
in terms of ASMR, and Southeast Asia trailed closely behind
(Figures 2e,f; Supplementary Tables S13, S14). In addition, East Asia
continued to be the region with the greatest number of DALYs. By
contrast, for males, region with the uppermost ASDR was East Asia, with
High-income North America ranking second. Meanwhile, the High-
income Asia Pacific area had the lowest ASDR for males. For females,
regions with relatively high ASDR included East Asia and Western Sub -
Saharan Africa. Remarkably, in all regions, ASDR of males was higher
than that of females (Figures 2g,h; Supplementary Tables S15, S16). This
suggested that in processes of research, diagnosis, treatment, and health
management of PD, we needed to fully consider sex differences and
develop more targeted strategies to address the health challenges posed
by this disease to different sex groups.

3.4 Impact of SDI on the burden of PD

Analyses based on SDI classification regions in 1990-2021
revealed that among the global level and five SDI regions, Middle SDI
region exhibited the greatest values of the EAPC in terms of ASIR and
ASPR. Conversely, Low SDI region registered the lowest EAPC values
for ASIR and ASPR (Figures 3a,b). Among all regions, High SDI region
had the top-ranking EAPC value in ASMR (Figure 3¢). In addition, in
terms of EAPC values in ASDR, order from highest to lowest was High
SDI region, Low - middle SDI region, global level, Low SDI region,
Middle SDI region, and Middle - high SDI region (Figure 3d).
Moreover, stacked area chart showed that as the years increased, the
numbers of total incidence cases, total prevalence cases, total mortality
cases, and total DALY cases of PD presented an upward inclination
both globally and in five SDI regions (Figures 3e-h), which indicated
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FIGURE 1
Age-standardized rates of PD burden in different countries in 1990 and 2021. ASIR in 1990 (a), ASIR in 2021 (b), ASPR in 1990 (c), ASPR in 2021 (d),
ASMR in 1990 (e), ASMR in 2021 (f), ASDR in 1990 (g), ASDR in 2021 (h). PD, Parkinson'’s disease; ASIR, age-standardized incidence rate; ASPR, age-
standardized prevalence rate; ASMR, age-standardized mortality rate; ASDR, age-standardized DALYs rate; DALYs, disability-adjusted life years.

that PD had posed serious challenges to public health globally and in
various regions, thus requiring more medical resources to be invested
in long-term management of disease. Meanwhile, it was also necessary
to strengthen control of environmental factors and advocate a healthy
lifestyle to alleviate burden of PD on individuals, families, and society.

Subsequently, from 1990 to 2021, correlation analysis between
ASIR, ASPR, ASMR, and ASDR of PD and SDI at the level of 21
GBD regions revealed that positive correlation of substance was

Frontiers in Aging Neuroscience

observed relationship between SDI and ASIR (cor = 0.40,
p <0.001) (Figure 4a). Besides, a remarkable positive association
was found to exist between SDI and ASPR (cor = 0.44, p < 0.001)
(Figure 4b). Which indicated that the more developed a region
socio-economically, the worse PD’s incidence and prevalence.
Frustratingly, there was no significant correlation between changes
in ASMR (cor = —0.04, p > 0.05) and ASDR (cor = 0.04, p > 0.05)
among 21 GBD regions and at different SDI levels (Figures 4c,d).
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TABLE 1 Global and SDI-level trends in PD burden indicators among males, 1990-2021.

Location 1990_ 2021_ EAPCZ_ pP_ 1990_ 2021_ EAPC_ p_ 1990_ 2021_ 1990_ 2021_ EAPC_ pP_
ASPR! ASPR ASPR  value_ ASIR® ASIR ASIR value_ ASMR* ASMR ASDR® ASDR ASDR | value_
ASPR ASIR ASDR
113.97 204.06 1.8917% 1.40011% 0.3396% 126.8 0.46672%
Andean Latin 13.62 (12.3 | 20.86 (18.63 6.43 (5.54t0  6.78 (5.61 to 112.86 (97.9
(97.23 to (170.64 to (1.85274 to 0 (1.383 to 0 (0.2398 to 0 (106.49 to (0.38832 to 0
America to 14.99) to 23.85) 7.33) 8.12) to 126.47)
132.89) 247.12) 1.93068) 1.41722) 0.43949) 149.67) 0.54519)
102.32 0.92056% 0.58981% 0.02467% 111.82 109.75 0.03214%
77.66 (65.79 12.98 (11.87 | 15.42 (14.2 7.08 (6.64to  6.88 (6.17 to
Australasia (88.93 to (0.81921 to 0 (0.53204 to 0 (—0.11405 0.72997 (106.62 to (100.33 to (—0.09334 0.61945
t0 90.4) t013.97)  to17.05) 7.34) 7.32)
120.05) 1.02202) 0.64763) t0 0.16359) 117.16) 117.2) to 0.15778)
0.83921% 0.51725% 0.27311% 103.48 0.36317%
64.12 (55.32 | 84.12 (73.65 9.92(9.25t0 | 11.79 (10.9 5.69 (5.33to | 6.11 (5.44 to 93.76 (87.78
Caribbean (0.76128 to 0 (0.47829 to 0 (0.20568 to 0 (92.71 to (0.31334 to 0
to 73.69) t097.1) 10.56) to 12.68) 6.02) 6.8) t0 99.91)
0.91719) 0.55622) 0.34058) 114.58) 0.41303)
0.25889% 0.40093% —0.04068% —0.07753%
96.14 (79.92 | 100.61 (83.6 13.82(12.47 | 15.3(13.84 5.5 (4.78to | 5.53(5.02to 95.2 (84.15 | 94.68 (86.2
Central Asia (0.14803 to 8e-05 (0.35375 to 0 (—0.13249 0.39244 (—0.15871 0.07125
to111.89) | to 119.36) t015.14)  to 16.69) 6.93) 5.98) to 114.95) | to 104.06)
0.36988) 0.44813) t0 0.05123) to 0.00373)
—0.05841% —0.04167%
104.66 115.89 0.34555% 0.17527% 113.53
14.76 (13.53 | 15.52 (14.36 6.83 (6.53t0 | 6.59 (6.07to | (—0.08363 111.18 (103 | (—0.06235
Central Europe (91.17 to (102.38 to (0.30103 to 0 (0.13965 to 0 9e-05 (108.01 to 0.00044
t01597)  to 16.76) 7.02) 6.99) to to 119.32) to
118.18) 129.26) 0.39008) 0.2109) 118.75)
—0.03319) —0.02099)
118.83 0.99906% 0.67629% —0.01827% 0.13133%
Central Latin 79.02 (68.96 10.92 (10.02 | 14.48 (13.24 5.45 (5.13to  5.53 (4.86 to 91.2 (86.66 | 98.65 (88.12
(104.77 to (0.87814 to 0 (0.59318 to 0 (—0.09989 0.66425 (0.06844 to 0.00029
America to 90.28) to 11.93) to 15.8) 5.61) 6.11) t0 95.37) to 110.09)
134.83) 1.12012) 0.75948) t0 0.06343) 0.19425)
0.44467% 0.24729% —0.03673% —0.07441%
Central Sub- 65.07 (52.84 | 75.3 (60.87 10.48 (9.37 | 11.31(10.12 5.58 (441 to | 5.56 (4.16 to 96.14 (78.64 | 94.75 (73.56
(0.36008 to 0 (0.20053 to 0 (=0.16344 = 0.57445 (=0.19306 = 0.22893
Saharan Africa to 78.93) to 91.45) to 11.57) to 12.6) 7.14) 7.9) to 117.84) to 126.1)
0.52933) 0.29408) t0 0.09014) to 0.04437)
—0.44606%
302.81 3.45187% 2.21593% 132.66 143.97 0.22313%
104.9 (87.35 16.35 (14.03 | 31.01 (26.47 8.15(6.97 to | 7.24 (5.83 to | (—0.63808
East Asia (25631t0 | (3.31772to 0 (2.16234 to 0 9e-05 (113.18t0  (120.68to  (0.0885to | 0.00285
to 125.04) t0 18.78) t0 36.1) 9.24) 8.83) to
353.52) 3.58618) 2.26954) 149.5) 171.49) 0.35795)
—0.25367)
—0.09172%
108.15 115.33 0.14299% 0.06851% —0.25158%
13.75 (11.93 | 14.33 (12.46 579 (5.48 to | 5.51 (4.96 to 99.35(93.25 | 97.94(88.73  (=0.16017
Eastern Europe (90.76 to (96.74 to (0.00242 to 0.05533 (—0.01989 0.13927 (—0.34458 le-05 0.01353
t015.73)  to16.18) 6) 6.05) t01062)  to108.3) to
129.09) 136.72) 0.28375) t0 0.15698) to —0.1585)
—0.02322)
—0.1641% —0.2166%
0.52281% 0.31134%
Eastern Sub- 62.9 (53.09 | 74.47 (64.02 10.33(9.32 | 11.41 (10.34 4.76 (3.83to | 4.68 (3.63to | (—0.20989 83.83 (69.58 | 81.37 (65.38  (—0.25789
(0.48107 to 0 (0.29057 to 0 0 0
Saharan Africa to 73.33) to 84.87) to 11.34) to 12.53) 6.19) 6.9) to to 101.85) to 112.33) to
0.56456) 0.33211)
—0.11828) —0.17528)

(Continued)
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TABLE 1 (Continued)

Location 1990_ 2021_ 1990_ 2021_ pP_ 1990_ 2021_
ASPR! ASPR ASIR? ASIR value_ ASMR* ASMR
ASIR
168.24 1.701% 1.11037% 0.21014% 105.99 117.47 0.36502%
99.22 (86.7 14.13 (12.59 | 19.72 (17.69 6.28 (5.75t0  6.57 (5.93 to
Global (148.41to | (1.67372to 0 (1.08714 to 0 (0.13626 to 0 (97.61 to (106.15t0 | (0.30826 to 0
to 113.81) to 15.75) to 21.88) 6.82) 7.14)
191.71) 1.72829) 1.13359) 0.28407) 114.91) 128.88) 0.4218)
112.94 154.34 1.04012% 0.82511% 0.44033% 105.94 118.74 0.48917%
15.18 (13.74 | 19.43 (18.09 6.33(59to0 | 6.92(6.22to
High SDI (100.31 to (142.25 to (0.97294 to 0 (0.78542 to 0 (0.32771 to 0 (99.75 to (109.27 to (0.39335 to 0
to 16.76) to 20.87) 6.54) 7.3)
128.02) 168.23) 1.10735) 0.86482) 0.55307) 111.52) 126.88) 0.58509)
0.47375% 0.44818% 0.35471% 0.34613%
High-income | 75.01 (63.53 | 70.34 (60.65 10.35 (8.96 | 10.65 (9.54 486 (448t0 5 (4.44to 80.26 (75.31 | 80.58 (73.82
(0.29099 to 2e-05 (0.36176 to 0 (0.24316 to 0 (0.23213 to 0
Asia Pacific to 89.05) to 80.99) to 11.86) to 11.82) 5.06) 5.3) to 84.81) to 86.48)
0.65684) 0.53467) 0.46638) 0.46027)
161.05 0.88989% 0.75522% 1.37645% 140.49 1.19095%
High-income 117.4 (99.62 15.64 (13.52 | 20.43 (18.89 5.63 (5.14to  8.51(7.49 to 97.05 (90.32
(150.7 to (0.80432 to 0 (0.68294 to 0 (1.19484 to 0 (127.53 to (1.04753 to 0
North America to 137.93) to 17.78) to 22.04) 5.85) 9.01) to 103.37)
172.47) 0.97552) 0.82755) 1.55839) 149.57) 1.33458)
120.85 219.33 1.88856% 0 16.51 (14.84 | 24.15(21.24 | 1.25562% 0 7.38 (6.78 to | 6.81 (6.02to | —0.26657% le-05 123.22 126.98 0.07528% 0.04944
High-middle (106.48 to (191.52 to (1.85122 to to 18.33) to 27.51) (1.2203 to 7.84) 7.67) (—0.36168 (113.61 to (112.23 to (0.00322 to
SDI 138.46) 253.8) 1.92592) 1.29095) to 132.39) 144.01) 0.14739)
—0.17137)
Low SDI 65.73 (55.81 | 83.24 (71.47 = 0.77303% 0 10.87 (9.81 | 12.25(11.02 = 0.39663% 0 538 (4.41to 576 (4.73to = 0.45511% le-05 92.26 (77.12 | 96.92 (80.72 0.3034% 2e-05
to 76.42) to 95.57) (0.69799 to to 12.03) to 13.5) (0.35196 to 6.98) 7.16) (0.29316 to to 118.22) to 118.57) (0.18604 to
0.84813) 0.44131) 0.61732) 0.42089)
Low-middle 71.76 (60.92 101.78 1.14837% 0 11.44 (10.13 | 13.94 (12.51 | 0.67135% 0 497 (4.15t0  5.89 (4.94t0 = 0.61487% 0 86.33 (73.68 102.22 0.56243% 0
SDI to 83.02) (88.07 to (1.08666 to to 12.77) to 15.35) (0.62907 to 6.21) 6.84) (0.53099 to to 106.34) (86.41 to (0.51013 to
118.45) 1.21011) 0.71365) 0.69882) 116.4) 0.61475)
Middle SDI 85.9 (72.92 187.41 2.50085% 0 13.13 (11.43 | 20.91 (18.19 | 1.56652% 0 6.08 (5.5t0 | 6.3 (5.54to 0.10382% 0.02469 103.09 117.4 0.39148% 0
to 101.05) (161.17 to (2.44718 to to 14.77) to 23.6) (1.52663 to 6.74) 7.12) (0.01777 to (92.12 to (103.33 to (0.32848 to
217.36) 2.55454) 1.60642) 0.18993) 113.65) 132.73) 0.45452)
North Africa 81.79 (68.95 126.11 1.44921% 0 12.9 (11.74 | 16.83 (15.21 = 0.88983% 0 6.94 (6.11to  6.18 (5.44t0  —0.4098% 0 113.03 106.46 —0.22188% 0
and Middle East to 95) (107.84 to (1.39472 to to 14.18) to 18.53) (0.85055 to 7.92) 6.86) (—0.48018 (101.72 to (95.01 to (—0.28315
144.29) 1.50374) 0.92912) to 127.68) 117.38) to
—0.33937) —0.16056)
Oceania 84.03 (69.73 | 93.08 (75.05 = 0.29191% 0 12.52 (11.14 | 13.06 (11.43 | 0.14659% le-05 6.31(5.05t0 | 5.52(4.3to | —0.49287% 0 113 (92.05 100.76 —0.42197% 0
t0101.31) | t0109.31) | (0.21256 to to 14.27) to 14.87) | (0.09385 to 8.05) 7.49) (—0.56615 t0139.08) | (79.86t0 | (—0.4918 to
0.37133) 0.19935) to 131.13) —0.3521)
—0.41954)
(Continued)
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TABLE 1 (Continued)

Location 1990_ 2021_ 1990_ 2021_ p_ 1990_ 2021_ 1990_ 2021_
ASPR! ASPR ASIR? ASIR value_ ASMR* ASMR ASDR?® ASDR
ASIR
South Asia 68.96 (57.42 | 98.15(82.78  1.15025% 1142 (9.86 1345 (1179 0.54455% 0 476 (3.72to | 5.75 (446 to  0.69717% 0 83.22(66.7  98.88 (78.59  0.56931% 0
t081.02) | to1153) | (1.05348 to to 13.02) to 15.16) | (0.48373 to 6.44) 7.04) (0.54789 to 0109.55) | t0118.07) | (0.47046 to
1.24711) 0.60541) 0.84666) 0.66825)
Southeast Asia | 75.38 (65.16 ~ 102.92 0.91867% 1121 (10.21 | 13.82 (12.65  0.659% 0 5.1(444t0 628 (5.48t0  0.66024% 0 88.06(78.19  108.18 0.63948% 0
to 87.23) (90.95t0 | (0.84844 to to 12.29) t015.05) | (0.61631 to 6.01) 7.35) (0.56889 to t0100.31) | (96.09to | (0.56665 to
117.09) 0.98896) 0.70172) 0.75166) 124.6) 0.71237)
Southern Latin 120.68 138.22 0.61762% 17.74 (1614 1926 (17.67 = 0.42491% 0 787 (745t0 | 7.58 (7to | 0.12504% 0.03251 129.95 126.05 0.1066% | 0.02523
America (104.56to | (116.87to | (0.50088 to to 18.99) t021.52) | (0.35893 to 8.17) 8.02) (0.01572 to (122.67t0  (117.04to | (0.01789 to
134.08) 166.95) 0.73449) 0.49093) 0.23449) 137.03) 134.68) 0.19538)
Southern Sub- | 72.02 (61.13 | 8432 (71.19  0.36625% 10.73 (9.45 | 1234 (10.83  0.36788% 0 43(3.73to | 5.74(522t0  0.95903% le-05 | 72.74(63.39 962 (87.38 = 0.86585% le-05
Saharan Africa | t084.63) = 1098.38) | (0.31107to to 12.14) t013.85) | (0.34065 to 5.28) 6.15) (0.60829 to t087.37)  t0103.48) | (0.54083 to
0.42147) 0.39512) 1.31098) 1.19193)
Tropical Latin | 82.98 (70.06 = 103.07 0.94501% 11.14 (9.51 | 1246 (10.81 = 0.54376% 0 537 (4.94t0 538 (4.87t0  0.28663% 0 90.62 (84.84 | 93.65(86.03  0.33157% 0
America to 98.56) (87.51t0 | (0.8487 to to 12.76) t0 14.05) | (0.48111 to 5.6) 5.7) (0.21064 to t0 95.78) t0100.4) | (0.27126to
122.65) 1.04141) 0.60645) 0.36268) 0.39192)
Western Europe | 142.99 180.27 0.65185% 18.52 (17.14 2212 (20.63  0.52446% 0 7.31(6.84to | 7.01 (626t0  0.10959% 0.01622 121.93 121.89 0.17495%  0.00022
(129.85t0 | (1635to | (0.53979 to to 19.93) t023.7)  (0.44907 to 7.53) 7.4) (0.02526 to (11473t0  (11144to | (0.09341 to
157.39) 200.34) 0.76403) 0.59991) 0.19399) 128.77) 131.48) 0.25655)
Western Sub- | 69.63 (59.38 | 84.38 (72.94  0.71872% 11.24 (1019 13.16 (11.98  0.56312% 0 571 (481to | 63(52to  0.48577% 0 92.58 (80.06 | 101.74 0.45635% 0
Saharan Africa | t080.14) = 1096.78) | (0.65022 to to 12.4) to 14.47) (0.527 to 6.73) 7.36) (0.41035 to t0108.42) | (84.93to | (0.39003 to
0.78727) 0.59926) 0.56124) 119.6) 0.52271)

'ASPR: Age Standardized Prevalence Rate.

*EAPC: Estimated Annual Percentage Chang.

*ASIR: Age Standardized Incidence Rate.

*ASMR: Age Standardized Mortality Rate.

*ASDR: Age Standardized Disability Adjusted Life Years Rate.
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TABLE 2 Global and SDI-level trends in PD burden indicators among females, 1990-2021.

Location 1990_ 2021_  EAPC_ pP_ 1990_ 2021_ [ 1990_ 2021_ EAPC_ p_ 1990_ 2021_  EAPC_ pP_
ASPR ASPR ASPR value_ ASIR ASIR value_ ASMR ASMR ASMR  value_ ASDR ASDR ASDR  value_
ASPR ASIR ASMR ASDR
118.91 1.64808% 1.16161% —0.03689% 0.22552%
Andean Latin 68.94 (58.25 8.98 (8.1to | 13.04 (11.67 391 (34to 3.88(3.18to 65.85 (58.24 | 72.35(61.54
(100.25 to (1.58976 to 0 (1.1343 to 0 (—0.1608 to 0.56419 (0.12409to | 0.00014
America to 82.03) 10.02) to 14.41) 4.44) 4.63) to 73.77) to 84.03)
139.05) 1.70644) 1.18893) 0.08717) 0.32705)
0.83749% 0.6177% —0.01711% 0.02634%
56.57 (47.49 | 72.98 (57.59 7.36 (6.51 to = 8.76 (7.46 to 3.02 (2.66to | 2.93 (2.38 to 51.49 (46.53 = 51.28 (43.89
Australasia (0.77863 to 0 (0.56771 to 0 (—0.12453 to | 0.75715 (—0.06041to = 0.5563
to 67.59) t0 91.64) 8.15) 10.31) 3.23) 3.24) to 55.85) to 56.64)
0.89638) 0.66772) 0.09042) 0.11317)
0.85061% 0.59038% 0.16579% 0.26399%
48.85 (42.07 | 65.56 (56.72 6.83(6.29to = 8.28 (7.7 to 338 (3.1to | 3.46(3.03to 56.09 (51.93 | 60.07 (53.57
Caribbean (0.75501 to 0 (0.52994 to 0 (0.09218 to 0.00012 (0.20772 to 0
to 56.12) to 74.41) 7.37) 8.91) 3.65) 3.88) to 61.05) t0 66.92)
0.9463) 0.65085) 0.23946) 0.32029)
0.35282% 0.61861% 0.3039% 0.21948%
67.03 (56.32 | 76.68 (66.43 8.38 (7.46 to  10.22 (9.4 to 2.96 (2.57 to | 3.23 (2.89 to 54.32 (48.23  59.07 (53.84
Central Asia (0.2729 to 0 (0.57672 to 0 (0.17529 to 7e-05 (0.11402to | 0.00031
t0 79.12) to 86.38) 9.3) 10.9) 3.4) 3.54) to 60.82) to 64.54)
0.43279) 0.66051) 0.43268) 0.32505)
0.15551% 0.03357% —0.00313% —0.04916%
75.38 (67.06 = 81.85(73.77 9.57 (8.9to  9.89 (9.18 to 3.82(3.56 to | 3.93 (3.53 to 66.84 (62.7 | 67.98 (62.05
Central Europe (0.1153 to 0 (0.00483 to 0.02928 (—0.06767 to | 0.92492 (—0.09594 to | 0.04828
to 84.02) to 89.73) 10.26) 10.55) 3.98) 4.26) t0 70.81) to 73.09)
0.19573) 0.06233) 0.06145) —0.00236)
0.95814% 0.66844% —0.3822% —0.08326%
Central Latin 57.31(50.29 82.85(72.67 7.78 (7.08 to = 9.86 (8.93 to 3.71(3.43to  3.25(2.82to 59.98 (56.34 | 59.02 (52.55
(0.83066 to 0 (0.58437 to 0 (—0.46228 to 0 (—0.13668 to = 0.00471
America to 65.33) to 94.75) 8.53) 10.89) 3.87) 3.58) to 63.4) t0 65.94)
1.08578) 0.75258) —0.30205) —0.02982)
0.78262% 0.5514% 0.30242% 0.304%
Central Sub- 40.15(32.92 | 51.04 (41.75 5.68 (5.13to | 6.63 (5.88 to 3.47 (2.72to | 3.74 (2.54 to 59.69 (47.85 | 64.37 (46.64
(0.65151 to 0 (0.46712 to 0 (0.20669 to 0 (0.21269 to 0
Saharan Africa to 48.44) to 61.73) 6.4) 7.45) 4.51) 4.94) to 76.84) to 81.94)
0.91389) 0.63575) 0.39824) 0.39539)
2.77316% 1.91047% —-1.21771% —0.4191%
82.52 (69.04 | 194.81 (166.9 10.47 (8.93 | 18.63 (15.85 489 (4to  3.59 (2.82to 87.16 (72.88 | 80.8 (66.16
East Asia (2.66158 to 0 (1.86362 to 0 (—1.35308 to 0 (=0.50505 to 0
t098.45) | t0229.02) to 12.02) to 21.51) 5.68) 4.44) t0100.04) | to95.98)
2.88487) 1.95735) —1.08216) —0.33308)
—0.2254% —0.19288% —0.05671% —0.12344%
83.33(70.32 | 79.82 (67.55 9.44 (8.13to | 9.14 (7.97 to 3.27 (3.02to  3.62 (3.24 to 60.84 (56.12  64.57 (58.06
Eastern Europe (—0.34391 to |  0.00082 (—0.26903 to 3e-05 (=0.20275to | 0.45298 (=0.23515to = 0.0386
to 98.57) t0 93.16) 10.85) 10.35) 3.45) 3.99) to 65.9) to 71.13)
—0.10674) —0.11668) 0.08954) —0.01162)
0.587% 0.4277% 0.13426% 0.06119%
Eastern Sub- 38.03 (32.44 = 46.56 (39.86 5.69 (5.12to | 6.49 (5.86 to 3.41(241to  3.59 (2.48 to 57.7 (43.76 | 59.71 (42.99
(0.53599 to 0 (0.39513 to 0 (0.10326 to 0 (0.02845to = 0.00095
Saharan Africa to 44.58) to 53.61) 6.3) 7.13) 4.38) 4.73) to 71.57) to 75.87)
0.63805) 0.46027) 0.16526) 0.09394)
114.47 1.2532% 0.9316% —0.00515% 0.13932%
77.09 (67.9 929 (83t0 | 1236 (11.11 3.62 (3.24to | 3.59 (3.06 to 65.37 (594 | 68.56 (60.9
Global (102.05t0 | (123238 to 0 (0.91404 to 0 (—0.04206 to  0.78643 (0.11106 to 0
to 88.09) 10.35) to 13.75) 3.95) 3.94) to 70.88) to 75.76)
129.78) 1.27403) 0.94916) 0.03177) 0.16758)
(Continued)
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TABLE 2 (Continued)

Location 1990_ 2021_  EAPC_ p_ 1990_ 2021_ EAPC_ p_ 1990_ 2021_ EAPC_ p_ 1990_ 2021  EAPC_
ASPR  ASPR  ASPR value_ ASIR  ASIR  ASIR value. ASMR ASMR ASMR value. ASDR ASDR  ASDR
ASPR ASIR ASMR
0.90498% 0.77691% 0.33243% 0.38172%
7751 (69.58 | 101.65 (93.57 9.06 (8.2t | 11.45 (10.69 3.11(2.74t0  3.25(2.67 to 56.01 (50.84 | 60.44 (52.47
High SDI (0.84889 to 0 (0.74651 to 0 (0.25403 to 0 (0.31501 to 0
t086.81) | to109.89) 9.95) to 12.22) 3.29) 3.56) t0 60.29) t0 66.26)
0.96111) 0.80731) 0.4109) 0.44847)
0.24915% 0.34027% 0.48311% 0.36112%
High-income Asia  56.44 (48.01 = 53.28 (46.06 6.42 (5.55t0 = 6.5(5.82to 2.45 (2.12 to 2.62 (2 to 44.35 (39.58 | 45.47 (37.56
(0.06002 to 0.01492 (0.23337 to 0 (0.37184 to 0 (0.23647 to 0
Pacific to0 66.53) to 61.74) 7.42) 7.22) 2.7) 3.01) to 48.79) to 51.16)
0.43863) 0.44729) 0.5945) 0.48592)
0.68992% 0.58326% 0.89502% 0.74238%
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3.5 Global disease burden of PD by age and
sex

From 1990 to 2021, as age went up, incidence, prevalence,
mortality, and DALYs of PD initially rose and subsequently fell.
Precisely, globally, in 1990, the age bracket of 75-79 years had
the peak values for incidence, prevalence, and DALYs.
Remarkably, except for prevalence, values for the male population
were greater than those for the female population (Figures 5a-c).
Regarding mortality, the age group of 70-89 had a relatively high
mortality. Notably, in the age group of 40-84, males exhibited a
higher mortality of PD compared to females; while in the age
group of 85-90+, females were higher than males (Figure 5d). In
addition, in 2021, incidence of PD was relatively high in
individuals aged 65-84 (Figure 5e). For the age cohort above 85,
females had a higher prevalence than males (Figure 5f). Mortality
rate of PD reached its maximum within the 80-84 age bracket,
with males exhibiting a higher mortality than females (Figure 5g).
Regarding DALYs, peak was witnessed in the 75-79 age cohort
for males, while it peaked in individuals in the 80-84 age range
for females (Figure 5h). Overall, in most age groups, compared
with female cases, male cases were more numerous, this might
indicate that estrogen could have a neuroprotective effect. And
the age of PD patients was generally higher, which implied that
further in-depth research on age-related pathogenesis would lead
to the advancement of more efficient treatment methods and
intervention measures for elderly patients with PD.

3.6 Prediction of the global PD trend by
2026

The ARIMA model was used to quantify the projected trends
in ASIR, ASPR, ASMR, and ASDR of PD over the following five-
year period. As the years go by, ASIR and ASPR of PD manifested
an upward trajectory. While ASMR and ASDR of PD exhibited a
downward trajectory. Specifically, ASIR was projected to increase
from 15.74 per 100,000 population in 2022 to 16.18 per 100,000
population in 2026 (Figure 6a). The ASPR was projected to
increase from 140.38 per 100,000 population in 2022 to 147.37
per 100,000 population in 2026 (Figure 6b). Which manifested
that PD would present a substantial challenge to global health.
On the contrary, ASMR would slightly decline from 4.79 per
100,000 in 2022 to 4.73 per 100,000 in 2026 (Figure 6¢). Besides,
ASDR would slightly decline from 89.56 per 100,000 in 2022 to
89.43 per 100,000 in 2026 (Figure 6d). The AIC and BIC values
of both ASIR and ASPR prediction models were negative,
indicating that these models had good fitting effects and
moderate complexity (Table 3). Meanwhile, the RMSE, MAE,
MPE, MAPE, MASE, ACF1, ME, and MPE values of ASIR, ASPR,
and ASMR models were all small, suggesting that the predicted
values of the models were close to the actual values, with high
precision and performance (Table 4). Additionally, the points in
the ASIR, ASPR, ASDR, and ASMR data basically fell on the line,
indicating that the residuals followed a normal distribution
(Figures 7a-d). The Ljung-Box test showed that the
autocorrelation coefficients of the residuals were zero, indicating
that the residuals were white noise (without autocorrelation)
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FIGURE 2
Comparative analysis of PD burden by sex across 21 GBD regions in 2021. Incidence of PD by sex across GBD regions (a), ASIR of PD by sex across
GBD regions (b), prevalence of PD by sex across GBD regions (c), ASPR of PD by sex across GBD regions (d), mortality rate of PD by sex across GBD
regions (e), ASMR of PD by sex and region (f), numbers of PD-related DALYs by sex and region (g), ASDR of PD by sex and region (h). GBD, Global
Burden of Disease.

(Table 5). The performance of the models was evaluated by = was good, providing a reference for similar studies and helping
comprehensively using AIC/BIC, error indicators, and residual ~ to improve the standardization and rigor of model
tests. It was found that the prediction performance of the models  construction.
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FIGURE 3
Impact of SDI on the burden of PD from 1990 to 2021. EAPC in ASIR of PD across SDI classification regions (a), EAPC in ASPR of PD across SDI
classification regions (b), EAPC in ASMR of PD across SDI classification regions (c), EAPC in ASDR of PD across SDI classification regions (d), temporal
trends in total incidence cases of PD globally and across five SDI regions (e), temporal trends in total prevalence cases of PD globally and across five
SDI regions (f), temporal trends in total mortality cases of PD globally and across five SDI regions (g), temporal trends in total DALYs cases of PD
globally and across five SDI regions (h). SDI, socio-demographic index.

4 Discussion

PD is a prevalent neurodegenerative disease that can cause
considerable disability and is linked to motor, non-motor, and
cognitive symptoms (Morris et al., 2024). With the increasing global
aging population, PD had become a growing global public health
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burden (Morris et al., 2024). However, a comprehensive assessment of
the temporal and geographical trends in the global burden of PD
remains inadequate, lacking recent GBD studies. This study found
that, compared with 1990, the ASIR, ASPR, ASMR, and ASDR of
global PD in 2021 showed an upward trend. The study results
indicated that in 2021, the age group of 65 to 84 years exhibited a
relatively higher incidence of PD (Figure 5e). It is recommended to
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implement questionnaire-based screening for non-motor symptoms
(such as sleep disorders, constipation, and anxiety) in primary care
settings for individuals aged 65 and older. Furthermore, given the later
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onset of the disease, raising public awareness and understanding of
PD, along with conducting health education initiatives, is critical for
early screening and diagnosis. Additionally, rehabilitation therapist
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availability and care bed capacity should be proactively planned based
on regional incidence rates to provide patients with access to physical
therapy, speech rehabilitation, and psychological support.

This study further explored the trends in ASPR, ASIR, ASMR, and
ASDR caused by PD in 21 GBD regions, 5 SDI levels, and global

Frontiers in Aging Neuroscience

regions. The results showed that countries with middle SDI had the
highest ASPR and ASIR, while countries with high SDI had the
highest ASMR and ASDR. Meanwhile, from 1990 to 2021, the number
of PD cases, incidents, deaths, and DALY all showed an upward trend
with increasing years. By analyzing and predicting the ASPR and ASIR
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of PD (c), projected ASDR of PD (d).

Projected trends in PD burden indicators using ARIMA model from 2022 to 2026. Projected ASIR of PD (a), projected ASPR of PD (b), projected ASMR

of PD from 2022 to 2026, this study showed an upward trend, while
the ASMR and ASDR may show a downward trend. This indicates a
heavy burden of PD and provides an important reference for
predicting and preventing the future burden of PD. By employing the

Frontiers in Aging Neuroscience

ARIMA model to model and predict the four key indicators of PD
(ASIR, ASPR, ASMR, ASDR), combined with model evaluation
metrics such as AIC and BIC, as well as residual analysis, the fitting
characteristics and predictive reliability of different indicators were
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revealed. The AIC and BIC values of both the ASIR and ASPR models
were negative, indicating that the models exhibited good fitting
performance with moderate complexity (Claris and Peter, 2023). The
residuals of all four indicators approximately followed a normal
distribution, and the Ljung-Box test confirmed that the residuals were
white noise (no autocorrelation), suggesting that the core assumptions
of the ARIMA model (data stationarity, linear dependence) hold true
in most scenarios (Wang et al., 2023).

From 1990 to 2021, the global trend of ASIR, ASPR, and ASDR
for PD showed an overall increase, which was consistent with previous
studies (Ou et al., 2021). With the acceleration of the global aging
process, the proportion of the elderly population will continue to
increase, and the total global population will continue to grow. Even
if the incidence rate of PD remains relatively stable, due to the larger
base, the number of PD cases, prevalent cases, and the resulting
disability-adjusted life years will increase accordingly, leading to an
overall upward trend in ASIR, ASPR, and ASDR. As medical
technology continues to advance, PD diagnostic methods and
techniques have become more comprehensive and accurate. Some PD
cases that were difficult to diagnose or missed in the past can now
be accurately diagnosed, increasing indicators such as incidence and
prevalence rates in statistical data (Alcalay et al., 2020; Rizzo et al.,
2016). Furthermore, improvements in medical conditions and
advancements in medicine have extended the overall lifespan of
humans, allowing PD patients to spend more time in a diseased state.
This increases the cumulative prevalence of the disease and disability-
adjusted life-years, thereby increasing ASPR and ASDR.

Our results indicate an increase in ASMR for males and a decrease
in ASMR for females (Table 1), with a higher PD burden observed in
most males compared to females (Figure 2). This may be attributed to
the potential neuroprotective effects of estrogen in females, which can
promote the survival and repair of nerve cells, enhance antioxidant

TABLE 3 The AIC and BIC of the ARIMA model.

Metric AIC? BIC?
ASIR ~159.7490216 —158.3478242
ASPR —8.147747606 —3.845785992
ASDR 28.61721412 —119.068226
ASMR 28.61721412 31.41960888

'AIC: akaike information criterion.
?BIC: bayes information criterion.

10.3389/fnagi.2025.1596392

capacity, and reduce nerve cell damage and death, thereby lowering
the severity and mortality of PD to some extent (Means et al., 2021).
Males, on the other hand, lack this estrogen-based protection.
Additionally, higher occupational risk factors and unhealthy lifestyle
habits (such as alcohol consumption and staying up late) can adversely
affect nerve cells (causing inflammation and oxidative stress) (Dubey
et al.,, 2023; Korf, 2024). Consequently, as age increases, nerve cells
become more susceptible to damage, leading to a relatively faster
progression of PD and increased mortality rates. Figure 2 demonstrates
that the age group with higher ASIR, ASPR, ASMR, and ASDR
was 75-79.

PD was a neurodegenerative disease that primarily affects middle-
aged and older adults, and age was one of the major risk factors for PD
(Braccia et al., 2025). As individuals age, brain neurons undergo
natural aging processes that increase the risk of degenerative changes
and increase the ASIR, ASPR, ASMR, and ASDR of PD (Braccia et al.,
2025). The results also suggest that SDI had some effect on PD
(Figures 3, 4). Across the 21 GBD regions, ASIR, ASPR, and SDI levels
were significantly positively correlated. This suggests that regions with
higher economic levels tend to have relatively higher incidence and
prevalence rates of PD. Regions with higher SDI have better economic
development and more healthcare investment. This leads to more
funds for medical institutions, equipment, and talent, enabling more
accurate PD diagnosis and higher ASIR and ASPR statistics.
Additionally, regions with a high SDI have more comprehensive
healthcare systems and robust disease diagnosis and surveillance
systems, leading to more accurate and comprehensive reporting and
statistics for diseases such as PD (Ou et al.,, 2021; Liu and Yu, 2025).
This implies that more cases can be included in the statistics, making
ASIR and ASPR data more reflective of the true incidence and
prevalence of the disease. Furthermore, as SDI increases, people’s
lifestyles gradually change, such as reduced physical activity and
increased chronic stress. Physical inactivity can lead to reduced
nervous system function, while chronic stress can affect
neurotransmitter secretion and regulation, increasing the risk of PD
and subsequently increasing ASIR and ASPR (Johansson et al., 2023;
Goonetilleke et al., 2013). Therefore, differentiated strategies should
be implemented for regions with varying levels of SDI. For instance,
high-SDI countries can leverage specialized alliances to promote gene
therapy and healthcare coverage, while middle- and low-SDI countries
can collaborate with the WHO to disseminate primary screening and
low-cost medications (de Souza et al., 2016). Regional resource
allocation should be tailored accordingly. High-SDI countries should

TABLE 4 Different indicators for the predictive performance of the ARIMA model.

Metric ME* RMSE? MAE? MPE* MAPE® MASE® ACFY’ Model
ASIR —0.001553685 0.016049407 0.012492852 —0.011061963 0.09351808 0.088218319 0.034906259 ARIMA
ASPR —0.014106796 0.18764266 0.136895159 —0.014077033 0.123483683 0.081064946 0.081220638 ARIMA
ASDR —0.04958441 0.348738062 0.252192159 —0.05477294 0.288578987 0.668773048 0.162331886 ARIMA
ASMR —0.002906215 0.028315211 0.021200785 —0.058198933 0.437966741 0.900307299 0.115657691 ARIMA

'ME: Mean Error.

*RMSE: Root Mean Squared Error.

*MAE: Mean Absolute Error.

“MPE: Mean Percentage Error.

*MAPE: Mean Absolute Percentage Error.

°MASE: Mean Absolute Scaled Error.

7ACF1: Autocorrelation Function at Lag 1.
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optimize healthcare resource allocation and develop home-based  such as olfactory testing and non-motor symptom screening for early
smart monitoring systems (Zhao et al., 2022), strengthen prevention  identification. Big data can be utilized to identify high-risk
and early intervention, and implement community-based programs  populations, while exercise therapy and cognitive training tailored to
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TABLE 5 The results of the Ljung-Box test for autocorrelation of model
residuals.

Metric ‘ Test ‘ Statistic ‘ p_value
ASIR Box-Ljung test 0.042763556 0.836171125
ASPR Box-Ljung test 0231526123 0.630394533
ASDR Box-Ljung test 0924857602 0.336202749
ASMR Box-Ljung test 0.469479075 0.493226916

elderly individuals should be promoted (Gupta et al, 2023).
Middle-SDI countries should enhance primary screening and
environmental toxin monitoring, whereas low-SDI countries should
improve data quality and basic drug supply. In East Asia, efforts
should focus on bridging the urban-rural healthcare gap (Sullivan
et al., 2023). Population interventions should be tailored by gender
and age. Males should be prioritized for occupational exposure
prevention (Eng et al., 2011), females should explore estrogen-related
preventive measures, middle-aged individuals should undergo brain
health screening (Santos et al., 2023), and elderly individuals should
benefit from community-friendly environments (Horgan et al., 2024).
In terms of policy advocacy, research evidence should be incorporated
into prevention and treatment guidelines, data visualization tools
should be employed to aid decision-making, and funding should
be allocated to cross-regional cohort studies and predictive system
development (Prasinos et al., 2022). Overall, PD prevention and
control should shift toward multidimensional “environment-society-
biology” interventions. Differentiated strategies and targeted measures
should be adopted to curb the increasing burden and achieve healthy
aging goals.

To validate the reliability of our findings, we compared them with
data from previous years. The Global Report on Aging and Health
(2015) highlighted a gradual increase in the incidence and prevalence
of PD, with its burden driven primarily by long-term disability rather
than mortality (Beard et al., 2016), which aligns with our results. A
2024 systematic review and meta-analysis published in The Lancet
Healthy Longevity reported that the EAPC in PD prevalence was
significantly higher during 2004-2023 compared to 1980-2003, with
higher prevalence rates in high-SDI countries and a global male
predominance in PD prevalence—conclusions consistent with our
findings (Zhu et al., 2024). These comparisons suggest the credibility
of our results. However, discrepancies remain in aspects such as
prevalence variations across countries, which may stem from
methodological differences: GBD relies on vital registration systems,
literature meta-analyses, and modeling, while studies by organizations
like WHO often use prospective cohorts or hospital-based registries,
potentially yielding results closer to clinical observations in high-SDI
regions. As noted, our findings provide a foundation for governments
to tailor public health strategies for PD patients across different SDI
regions and age groups. Moving forward, improvements in data
granularity (e.g., subpopulation-level analyses) and technological
advancements (e.g., Al-driven predictive models) will further
empower GBD to enhance precision in PD prevention and control,
advancing the global goal to reduce health inequities.

While our model assumes that trends in disease burden across
regions are primarily influenced by age, sex, and the SDI, it does
not account for other factors such as comorbidities, environmental
influences, or subnational-level heterogeneity (e.g., within large
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countries like China and India), which may lead to deviations in
burden predictions in groups with high coexisting diseases.
Additionally, external shocks (e.g., pandemics or policy shifts)
may impact PD burden but were not incorporated into the current
framework. Furthermore, data from some countries (e.g., South
Sudan, where conflict has limited data availability) were excluded
from our analysis, and future studies could expand the scope as
data improve. Nevertheless, our model offers a comprehensive
global perspective that helps identify regions and populations
with the heaviest PD burden. In future iterations, we aim to
integrate additional variables to enhance predictive accuracy.

5 Conclusion

This study systematically analyzes the burden of Parkinson’s
disease (PD) globally and across different regions, age groups,
genders, and Socioeconomic Development Index (SDI) levels,
based on the latest GBD2021 database covering a broad
geographical and temporal range. The findings reveal that from
1990 to 2021, the age-standardized incidence, prevalence, and
burden rates of PD among both males and females worldwide
exhibited an upward trend. While age-standardized mortality
rates increased among males and decreased among females, the
East Asian region bore the heaviest PD burden, with significantly
higher rates among males, correlating with aging, diagnostic
rates, and environmental exposures. High-SDI countries
demonstrated elevated mortality and burden rates due to
profound aging, whereas medium-SDI regions experienced the
fastest growth in incidence and prevalence rates due to
industrialization and lifestyle shifts. The 75-79 age group
consistently represented the core burden cohort. Projections for
2022-2026 indicate sustained increases in incidence and
prevalence rates, though mortality and burden rates may slightly
decline due to medical advancements, the overall burden remains
exacerbated. The study underscores the need for tiered prevention
and control strategies globally: high-SDI countries should
advance precision diagnostics and interdisciplinary care,
medium-and low-SDI regions should strengthen primary
screening and environmental governance, and targeted
occupational protection and healthy aging interventions should
be implemented for males and elderly populations. It calls for
international collaboration and technological innovation to
address the public health challenges posed by PD.
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Glossary

PD - Parkinson’s Disease

GBD - Global Burden of Disease

ASIR - Age Standardized Incidence Rate
ASPR - Age Standardized Prevalence Rate
ASMR - Age Standardized Mortality Rate
DALYs - Disability Adjusted Life Years

ASDR - Age Standardized Disability Adjusted Life Years Rate
NMDA - N-Methyl-D-Aspartate

YLDs - Years Lived With Disability Years
ASR - Age-Standardized Rate

EAPC - Estimated Annual Percentage Change

SDI - Socio-Demographic Index
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ICD - International Classification of Diseases
UI - Uncertainty Interval

CI - Confidence Interval

ARIMA - Autoregressive Integrated Moving Average
AIC - Akaike Information Criterion

BIC - Bayes Information Criterion

ME - Mean Error

RMSE - Root Mean Squared Error

MAE - Mean Absolute Error

MPE - Mean Percentage Error

MAPE - Mean Absolute Percentage Error
MASE - Mean Absolute Scaled Error

ACF1 - Autocorrelation Function at Lag 1
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