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provinces from 1990 to 2021: findings from the global burden
of disease study 2021
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Summary

Background Parkinson’s disease (PD) has become a public health concern with global ageing. However, compre-
hensive assessments of the temporal and geographical trend of PD disease burden in China remain insufficient. This
study aimed to examine the burden of PD by age, gender, and geographical region in China during 1990-2021.

Methods Using data from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2021, we analysed
the incidence, prevalence, mortality, and DALY burden of PD in 33 Chinese provinces/regions. We compared the
national figure with the global average and the corresponding estimates from the G20 countries. The estimated
annual percentage change (EAPC) was used to quantify the temporal trends of PD burden during 1990-2021. We
further assessed the PD burden by age and gender during 1990-2021. We used a decomposition analysis to inves-
tigate the changes in the number of new cases, patients, and deaths of PD during 1990-2021.

Findings In 2021, China recorded the highest age-standardised incidence and prevalence of PD among the G20
countries, at 24.3 per 100,000 and 245.7 per 100,000, respectively, figures that were much higher than the global
average. During 1990-2021, the age-standardised incidence of PD in China increased by 89.7%, and the age-
standardised prevalence by 167.8%, both marking the largest increases among the G20 countries. In contrast, the
age-standardised mortality for PD has significantly decreased since 1990, whereas the age-standardised DALY rate
for PD has remained relatively unchanged since 1990. The PD burden gradually increased with age, especially in
the elderly population aged >65 years. During 1990-2021, the burden in males consistently surpassed that in
females, with the gender difference widening over time. The increase in new cases and patients of PD was
primarily driven by changes in age-specific rates, while the rise in PD-related deaths was largely attributable to
population ageing. The disease burden of PD varied considerably across the Chinese provinces. In 2021, age-
standardised incidence and prevalence of PD were generally higher in China’s southeastern coastal regions than
in the western regions, and age-standardised DALY rates were higher in the northern regions than in other regions.

Interpretation The disease burden of PD in China has consistently risen over the past three decades, particularly
among elderly men. The increasing causative factors and population aging highlight the need for enhancing public
health intervention and resource allocation, especially in etiological research, early diagnosis, preventive strategies,
and region-specific management for PD.
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Research in context

Evidence before this study

The Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD) 2016 analysed the global burden of Parkinson’s disease
(PD) between 1990 and 2016, and showed that PD had
become the fastest-growing brain disease in the world. We
used keywords such as “Parkinson’s disease”, “incidence”,
“prevalence”, “mortality”, “DALY”, and “epidemiology” to
search PubMed, Science Direct, Web of Science, and official
websites of the Chinese Government and other institutions
for studies and reports on PD in China published in English or
Chinese until June 1, 2023. While previous studies have
provided comprehensive national-level analyses of the PD
burden in China, consistent and comparable assessments of
temporal trends and regional differences at the provincial
level have been lacking.

Added value of this study

Utilising the latest GBD 2021 data, this study provided a
comprehensive assessment of the incidence, prevalence,
mortality, and DALYs of PD in China and its provinces from
1990 to 2021, which offered a deeper understanding of the
disease burden and epidemiological trends of PD among the

Introduction

Parkinson’s disease (PD), commonly observed in
middle-aged and elderly populations, is pathologically
characterised by the loss of dopaminergic neurons in
the substantia nigra and the formation of Lewy bodies.'
This neural degeneration manifests not only in typical
motor symptoms like resting tremor, bradykinesia,
muscle stiffness, and abnormalities in posture and gait,
but also in diverse non-motor symptoms, encompassing
issues such as constipation, olfactory impairments,
sleep disturbances, autonomic nervous dysfunction, and
cognitive and psychiatric disorders.” As the disease
progresses, these symptoms worsen, greatly impacting
patients’ quality of daily life and functional activities.
The Global Burden of Diseases, Injuries, and Risk
Factors Study (GBD) 2019 estimated that over 8.5
million people worldwide suffer from PD.’ The World
Health Organization (WHO) reported that in 2019, PD
resulted in 5.8 million disability-adjusted life years
(DALYs), an increase of 81% since 2000, and caused
approximately 329,000 deaths, a more than 100% in-
crease since 2000." PD has become the fastest-growing
brain disease in the world.” In response to this global
challenge, the World Health Assembly endorsed the
Intersectoral Global Action Plan on Epilepsy and Other

Chinese population, contributing to the government'’s efforts
in formulating more effective policies and allocating resources
more rationally. Compared with the GBD 2016 study, the GBD
2021 China study incorporated major improvements in terms
of expanded data sources, enhanced data accuracy, and
improved model estimates.

Implications of all the available evidence

Our study reported the burden of PD in China and its
provinces, emphasizing the importance of understanding
epidemiological trends to guide medical and public health
decision-making. Over the past three decades, the disease
burden of PD in China has been consistently rising, especially
among elderly men. Considering the complexity of PD
pathogenesis, continuing research into etiological factors and
therapeutic strategy development is crucial. Public health
strategies should prioritise enhancing early diagnosis and
prevention of PD, optimising the regional distribution of
healthcare resources, and implementing effective
environmental health policies. Additionally, rehabilitation and
long-term care for PD patients deserve more attention.

Neurological Disorders 2022-2031.° Additionally, the
WHO released a technical brief on PD, outlining the
global burden, treatment gaps and crucial action areas
for PD.

PD represents a significant public health concern in
China. DALYs due to PD rank third out of all neuro-
logical disorders, next only to Alzheimer’s disease and
headache disorders.® From 1990 to 2016, the age-
adjusted prevalence of PD in China more than
doubled, marking one of the largest increases world-
wide.” Although previous studies have provided
comprehensive analyses at the national level regarding
the burden of PD in China, detailed research on pro-
vincial differences and characteristics is still lacking.”"
Most existing studies have been confined to specific
cities or limited areas.”® Their relatively small sample
sizes and methodological heterogeneity have impeded
the broad comparability of statistical data. In recent
years, China has undertaken several large-scale, cross-
provincial studies on the prevalence of PD.'*'* However,
these studies remained insufficient in providing
comparative provincial-level data. Furthermore, epide-
miological studies on PD incidence and mortality at the
provincial level in China are even rarer.” Given the
significant socioeconomic and demographic changes in
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China over the past 30 years, it is crucial to monitor and
understand the prevalence and trends of PD on a pro-
vincial scale to address this increasingly severe public
health challenge.

Based on the most recent GBD 2021 data,*"* our
study provides a comprehensive assessment of the
incidence, prevalence, mortality, and DALYs of PD in
China and its provinces from 1990 to 2021. Our findings
aim to provide essential information for government
and health policymakers to identify priority areas for the
prevention and control of PD, thereby facilitating more
effective policy formulation and rational resource
allocation.

Methods
Overview
This study analysed the burden of PD in China based on
GBD 2021 data, covering a total of 33 provinces/regions,
which includes all 31 mainland provinces, autonomous
regions, municipalities, and the two special adminis-
trative regions of Hong Kong and Macao.*"* GBD 2021
utilised a uniform and comparable method to compre-
hensively estimate the population, fertility, morbidity,
and mortality for 204 countries and territories. Detailed
information on this study can be found in GBD 2021.**
The National Centre for Chronic and Non-
communicable Disease Control and Prevention reviewed
and approved this study. GBD 2021 complies with the
Guidelines for Accurate and Transparent Health Esti-
mates Reporting (GATHER) recommendations."”

Definitions

PD is a chronic, degenerative, and progressive neuro-
logical disorder typified by the loss of motor mobility
and control, particularly tremors. The International
Classification of Diseases tenth revision (ICD-10) codes
for PD are G20, G21, and G22. According to GBD 2021,
PD is defined by the presence of at least two of the
following four primary symptoms: tremors or trem-
bling, bradykinesia, stiffness of limbs and torso, and
postural instability.

Data sources

Mortality data for PD in the GBD 2021 China study were
mainly sourced from national disease surveillance point
systems, death cause registration reporting systems, and
maternal and child health surveillance websites. Data on
non-fatal outcomes of PD were collected from
population-based surveys and census data, as well as
other published and unpublished studies and reports.
Only data that met quality control criteria were included
in the modelling estimation (Appendix p 1). Unlike
most diseases in the Global Burden of Disease project,
PD was characterised by marked discrepancies between
the prevalence and cause-of-death data. Therefore, the
GBD research team jointly modelled the mortality and
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morbidity estimates for PD to improve estimation ac-
curacy. Further details can be found in the literature.>*™*

Measures

The main outcome measures in our study were inci-
dence, prevalence, mortality, years of life lost (YLLs),
years lived with disability (YLDs), and DALYs associated
with PD. The prevalence of a condition was defined as
the proportion of the population with the condition at a
specific time. All estimates were reported as counts per
thousand and rates per 100,000 population. The 95%
uncertainty interval (UI) was derived from the 2.5th and
97.5th percentiles of an ordered set of 1000 draws. GBD
2021 used HOEHN & YAHR stages to determine the
severity of PD."® YLDs were calculated by multiplying
the prevalence of different severities by the corre-
sponding disability weights. YLLs were calculated by
multiplying the number of deaths in each age group by
the remaining life expectancy in that age group. DALYs
were the sum of YLLs and YLDs. Age-standardised
populations were calculated by using the GBD world
population age standard.

Data analysis

We analysed the age-standardised incidence, prevalence,
mortality, and DALY rates of PD across China and its
provinces in 2021, and then compared the estimates
with the global average and the corresponding estimates
of the Group of 20 (G20, an international economic
cooperation forum composed of 20 major economies,
from which we excluded the EU from our analysis and
thus included only 19 countries). We used the estimated
annual percentage change (EAPC) to quantify trends in
PD burden from 1990 to 2021. A linear regression
model was established to describe the relationship be-
tween time and the natural logarithm (In) of the age-
standardised rate: y = a + fix + ¢, where y represents
the In (age-standardised rate), x is the calendar year, and
€ is the error term. The EAPC was calculated using
EAPC = 100 x[exp(f)—1], with its 95% confidence in-
terval (CI) derived from the regression model. An age-
standardised rate is deemed statistically increasing if
both the EAPC estimate and its 95% CI are greater than
0, and statistically decreasing if both are less than 0. If
the EAPC estimate and its 95% CI include 0, the trend
in the age-standardised rate is considered stable, indi-
cating no significant change over time.

We further assessed the disease burden of PD by age
and gender in China in 2021 as well as the trends in
burden by gender from 1990 to 2021. Using the meth-
odology developed by Das Gupta,'”'* we decomposed the
changes in the number of new cases, patients, and
deaths of PD in China and its provinces from 1990 to
2021 attributable to population growth, population
structure, and age-specific rates. The observed net
change in the total number of cases was equivalent to
the combined changes in these three aspects. The
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decomposition analyses utilised counterfactual methods
to calculate the number of cases. We first assumed that
population growth was consistent with observations in
2021, while population structure and age-specific rates
were consistent with 1990 (scenario one). We then
assumed that both population growth and population
structure were consistent with 2021, while age-specific
rates were maintained at 1990 levels (scenario two).
Consequently, the difference between the actual
observed number of cases in 1990 and scenario one can
be attributed to population growth; between scenario
one and scenario two, to changes in population struc-
ture; and between scenario two and the actual observed
cases in 2021, to shifts in age-specific rates. All analyses
were performed using R software (version 4.3.1).

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. All authors had full access to all the data in
the study, and the corresponding author was respon-
sible for the decision to submit for publication.

Results

In 2021, the age-standardised incidence rate of PD in
China was the highest among the G20 countries, at 24.3
per 100,000 (95% UI 20.7-28.3), which was significantly
higher than the global average of 15.6 per 100,000 (95%
UI 14.0-17.4). From 1990 to 2021, the age-standardised
incidence rate of PD in China increased by 89.7%
(EAPC = 2.16%, 95% CI 2.10-2.21), representing the
highest increase among the G20 countries and signifi-
cantly exceeding the global average increase of 39.1%
(EAPC = 1.09%, 95% CI 1.07-1.11). In terms of preva-
lence, the global average age-standardised prevalence of
PD in 2021 was 138.6 per 100,000 (95% UI
123.1-157.6). However, in China, it reached 245.7 per
100,000 (95% UI 208.3-289.2), the highest among the
G20 countries. The increase in the age-standardised
prevalence of PD in China since 1990 was 167.8%
(EAPC = 3.16%, 95% CI 3.03-3.30), significantly higher
than that in Germany, which ranked second with an
increase of 98.5% (EAPC = 2.11%, 95% CI 1.94-2.29).
Based on EAPC, apart from Italy, Japan, and Russia, a
general upward trend in age-standardised incidence and
prevalence of PD was observed across the G20 countries
(Table 1).

In 2021, the age-standardised mortality rate for PD in
China was 5.0 per 100,000 (95% UI 4.2-5.9), ranking
sixth among the G20 countries and close to the global
average of 4.8 per 100,000 (95% UI 4.3-5.2). Contrary to
the rising trends in incidence and prevalence, the age-
standardised mortality rate for PD in China has shown
a significant downward trend since 1990, with a decline
of 17.7% (EAPC = -0.76%, 95% CI —0.93 to —0.60). In
terms of disease burden, the age-standardised DALY

rate for PD in China in 2021 was 108.0 per 100,000
(95% UI 91.1-125.5), ranking second highest among the
G20 countries, following that in Saudi Arabia. However,
compared to 1990, there was no significant change in
the age-standardised DALY rate for PD in China. In
2021, the global age-standardised DALY rate for PD was
89.6 per 100,000 (95% UI 80.7-97.5), representing an
increase of 9.9% (EAPC = 0.32%, 95% CI 0.28-0.36)
from 1990 (Table 1).

In 2021, there were 508.4 thousand new cases of PD
in China, and the number of patients with PD was
5077.1 thousand. The incidence and prevalence rates of
PD were 35.7 per 100,000 and 356.8 per 100,000,
respectively (Fig. 1A and B). PD caused 92.0 thousand
deaths, amounting to a mortality rate of 6.5 per 100,000
(Fig. 1C). PD also resulted in 2159.5 thousand DALYs,
1431.0 thousand YLLs, and 728.5 thousand YLDs in
China. The DALY, YLL, and YLD rates for PD were
151.8 per 100,000, 100.6 per 100,000, and 51.2 per
100,000, respectively (Fig. 1D, E, F).

The incidence, prevalence, mortality, DALY, YLL,
and YLD rates of PD in China in 2021 were all higher in
males than in females. Starting from the age group of
20-24 vyears, the disease burden of PD gradually
increased with age, especially in the elderly population
aged 65 and above (Fig. 1). The number of new cases
and patients of PD in each age group initially increased
and then decreased, peaking at ages 70-74, while deaths
peaked at ages 80-84. The prevalence of PD steadily rose
with age, and the gender difference widened as age
increased. The incidence and mortality rates of PD
increased with age before declining, peaking in the
85-89 age group for incidence and in the 90-94 age
group for mortality. The mortality rate of PD in females
steadily increased with age, while in males aged 95 and
above, there was a notable decline, yet it remained
higher than that in females of the same age group (Fig.
1A-C). In 2021, the YLD rate due to PD increased with
age, while the DALY and YLL rates peaked in the 85-89
age group before declining. Across all age groups for
both males and females, starting from the 65-69 age
group, the YLL burden due to PD was consistently twice
as high as the YLD burden (Fig. 1D-F).

Fig. 2 showed that, from 1990 to 2021, the incidence,
prevalence, mortality, DALY, YLL, and YLD rates of PD
in China all followed a rising trend. The burden in
males consistently surpassed that in females, with the
gender difference widening over time. From the
perspective of age-standardised rates, even after adjust-
ing for population ageing, the age-standardised inci-
dence and prevalence rates of PD continued to increase,
while the age-standardised mortality rate initially rose
slightly at 2000 before exhibiting a declining trend. For
the disease burden caused by PD, the age-standardised
YLL rate tended to decrease over time after an initial
slight increase, while the age-standardised YLD rate
continued to increase. The overall age-standardised
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Incidence Prevalence Mortality DALY rate
Country name 11\08: 6237 c":;ﬁ;';‘:?,z EAPC,%,  ASR, per ::a'z::‘:?,z EAPC, %, ‘?i;bsg" C":;::z;agu/‘: EAPC,%,  ASR, per c”:;::z;aﬂz EAPC, %,
2021 1990-2021 1990-2021 100,000, 2021 1990-2021 1990-2021 2021 1990-2021 1990-2021 100,000, 2021 1990-2021 1990-2021
Argentina 137 28 0-18 103:1 57 0-28 47 91 -0-06 82:4 -7-8 -0-06
(12:4,15-7) (-6:8,14:5)  (0-11,0-24)* = (87:6,124:5)  (-8:0,22:9)  (0-14, 0-41)* = (4:3,5:0) (-13-5,-4-5) (-0-17,0-04) (75:6,88:8) (-12:2,-3:0)* (-0-14,0-02)
Australia 121 24-9 0-77 89-9 34-8 1-00 46 16 017 77-8 23 0-16
(11:0,13-8) (14:0,41-6)* (0-71,0-83) (76-3,108:9) (15-6,62:2)* (0-91,1-08)* (4:0,5:0) (-5:6,7-1) (0:02,0-31) (69:2,84:0) (-3-9,7:8) (0-03, 0-29)*
Brazil 10-8 167 0-44 906 329 0-82 4-2 -0-8 0-22 74-4 36 0-26
(94,12:3)  (11:9,21-9)* (039, 0-49)* (77-1,1065) (27-3,38:5)* (0-73,090)* (3:7,4'5) (54,2:6) (0-15,029)* (67:1,80-2) (0-1,6-8) (0-21,0-31)*
Canada 211 421 1-15 197-6 59-2 1-48 4-8 1-8 0-29 95-9 17 0-52
(20-0,22:0) (359,48-5)* (1:05,1-24)* (184:7,209-3) (49-8,682)* (1-35 1-61)* (4:3,52) (4-0,6:5) (0-11,0-47)* (852, 104-7) (6-6,16:5) (0-36, 0-69)*
China 50 -A7-7 -0-76 108:0 26 -0-02
(42,5:9) (-329,0-4) (-0-93,-0-60)* | (91-1,125:5) (-12:9,20-9) (-0-13, 0-09)
France 175 280 0-84 1521 40-2 115 44 -3-3 0-09 832 4-8 0-31
(14'5,19-7) (12:3,43:0) (0-79,0-90)*  (118:8, 177:5) (20-5,60-5) (1:08,1-23)* (3:8,4:8) (-10:5,2:3) (-0:01,0:18) (73:3,92:3) (-1-5,11-4) (0-23, 0-39)*
Germany 215 83-4 1-87 186:5 985 211 4-9 18-8 0-80 94-9 30-2 0-98
(20:8,22:3) (77:0,90:4) (174,201 (178:7,194:5) (88:6,108:8)* (1:94,2:29) (4-2,5:3) (11-5,24:5) (0-57,1-03)" (84:2,104:2) (24-0,36:1)* (078, 1-17)*
Global 15-6 39-1 1-09 138-6 60-7 1-52 4-8 4-0 0-18 89-6 99 0-32
(14:0,17-4)  (35-2,43-1)* (1-07,1-11)* (123-1,157-6) (54-9, 66-2)* (1-49,1-54)* (4-3,5-2) (-2-6,10-5) (0-13,0-24) (80-7,97-5) (36, 16-1)* (0-28, 0-36)*
\ndia 11-9 168 0-62 939 426 1-34 46 16-0 0:63 82:3 16-2 0-56
(10:3,13:5) (11:7,22:9)* (055, 0-69)* (78-3, 111-1) (36-3,49-3)* (1-25,1-42)* (3:8,54) (-3:1,43-8) (0-39,0:86) (69:3,951) (-1-2,37:9) (0-40, 0-73)*
\ndonesia 111 30-1 0-92 79-4 32:4 0-94 56 389 1-07 93-2 31-8 0-89
(96,12-7) (25:8,34:6)° (0-89,0-95)* (65-7,94-4) (27-7,38:6)* (0-90,0-98)" | (4:3,7:0) (11-6,72:4) (0-96,1-18)" (74-9,113:8) (9-2,58:6)* (0-80, 0-98)*
Italy 139 -20-3 -1-16 113-2 -29-6 -1-71 4-6 -39 0-01 79-3 -12:0 -0-45
(11:8,16:0) (-247,-15:0)* (-1-37,-0-95)* | (939, 132:5) (-34-0, -24-4)* (-2:00,-1-43)* (3:9,4:9) (-92,-0-2)* (-0-17,0-20) (70-0,86:8) (-16-1,-8:8)* (-0-57, -0-33)*
Japan 7% -9-1 0-20 53-0 -19-2 0-07 38 11-2 061 585 54 0-50
(6:3,83) (-11:9,-5:9) (0-05,0-34)"  (44-6,62:4) (-21:7,-16:3) (-0-18,0:32) (2:9,3:8) (3:1,15:8)* (0-52,0:71)* (50:9,63:3) (-0:7,9:5) (0-40, 0-61)*
Mexico 12:4 30-2 0-65 1009 498 0-97 4:4 -15-2 -0-42 780 -3-4 -0-10
(107, 14:0) (241, 36:5)* (055, 0-75)* (856, 118:6) (42:7,56:9)* (0-82, 1-12)* (3:9,4:8) (-23-4,-7-2)* (-0-52,-0-32)* (69-7,87-3) (-117,5:8) (-0-18,-0-03)*
Republic of 11-0 477 1-22 887 745 172 39 -11-8 -0-08 68:2 -7-4 0-03
Korea (9:8,12:2)  (315,64:6)* (1-15,1:29) (73-9, 103-2) (45-5, 110-6)* (1-60, 1-85)* (3:0,4:6) (-41:8,8:3) (-0-20,0-03) (55:6,78:9) (-36:2,11-1) (-0-07,0-14)
Russian 10-8 38 0-06 90-3 35 0-03 43 10-9 012 762 7 0-09
Federation  (9-2,12:3)  (05,7-5)*  (-0-03,0-15) (75-1,107-5) (0-003,7-1)* (-0-11,0-18) (3:9,4:6) (4:2,17-5)* (-0-02,0-25) (70:0,82:7) (2:1,13-8)* (-0:01,0-19)
Saudi Arabia 189 337 0-90 133:3 64-2 1-57 -6:0 -0-34 -2:1 -0-17
(16:6,217) (21-1,48:9) (0-85,0-96)* (1095, 162:6) (41-3,93-0)* (1-50, 1-64)" (-25:0,29-6) (-0-43, -0-26)* (-21-0,31-5) (-0-23, -0-11)*
South Africa 9-6 22'5 0-67 68-3 24-2 068 4-2 412 1-20 70-0 39-8 1-14
(82,11-1)  (17:3,28:9) (063,0-71)* (57-0,81-0)  (18:6,31:2)* (0-60,0-75)* (3:8,4:6) (16:9,66:0)* (0-87,1:54)* (62:4,76:1) (19:8,59:7)* (0-84, 1-44)*
Tiirkiye 13:0 351 1-02 989 566 1-56 G -19-7 -0-61 86-8 -14-9 -0-45
(11:4,14-9) (237,48:9)* (0-97,1:07)" (81-1,119:8) (38:1,82:9)* (1:48,1:63)* = (44,6:3) (-354,-34) (-0-92,-0-31)* (73:0,100-7) (-29'5,1-0) (-0-68,-0-22)"
United 166 14-9 0-50 1411 95 0:32 51 12 0-62 92:0 -0-6 0-42
Kingdom (14-4,18:8) (100, 19-5)* (039, 0-60)* |(121:2,163:2) (50, 14-3)*  (0-12,0-51)* | (4:5,5:4) (-3:3,3:7) (0-43,0:82)° (83:9,99-8) (-3-8,1:6) (0-26, 0-59)*
United States 14-2 280 0-72 1119 287 075 58 977
of America | (13-0,15:5) (16:6,43-0)* (0-67,0-78)* (102:8,121-5) (13-3,46:3) (0-69,0-80)* | (50, 6-2) (87-4,104-7)

Coloured keys indicate rankings for all regions:

ASRin 2021: R&fikll Ranks2®5 Ranks 6-10 Ranks 11-15 Ranks 16-19 Rank 20, with the 95% uncertainty interval in parentheses.
Percentage changes from 1990 to 2021: RankM Ranks 2-5 Ranks 6-10 Ranks 11-15 Ranks 16-19 Rank 20, with the 95% uncertainty interval
in parentheses.

EAPC from 1990 to 2021: R&AKM Ranks2-5 Ranks 6-10 Ranks 11-15 Ranks 16-19 Rank 20, with the 95% confidence interval in parentheses.

*Indicates a significant increase or decrease.
EAPC values are presented with two decimal places for greater clarity due to their relatively small magnitude.
DALY=disability-adjusted life-year. ASR=age-standardised rate. EAPC=estimated annual percentage change.

Table 1: Age-standardised incidence, prevalence, mortality, and DALY rates of Parkinson’s disease in 2021, and their percentage changes and EAPC from 1990 to 2021, 19 member
countries of the G20 (the 20th member is the European Union) and the world.

DALY rate remained relatively stable over the past 30
years.

Regionally, from 1990 to 2021, there was a signifi-
cant upward trend in the age-standardised incidence
and prevalence rates of PD across all provinces in China
(Fig. 3A and B, Appendix pp 2—4). In 2021, Fujian had
the highest age-standardised incidence rate, followed by
Zhejiang and Guangxi. Hong Kong, Zhejiang, Jiangsu,
and Fujian had the highest age-standardised prevalence
rates. In contrast, Tibet had the lowest age-standardised
incidence and prevalence rates. Furthermore, the age-
standardised incidence and prevalence rates of PD in
the southeastern coastal regions of China were generally
higher than those in the western regions. Since 1990,
inland provinces, such as Henan, Hubei, Sichuan, and
Chongqing, had a notably higher increase in age-
standardised incidence and prevalence rates of PD
compared to other areas.
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Compared with 1990, a significantly decline in the
age-standardised mortality rate of PD in 2021 was
observed in most Chinese provinces, with the excep-
tions of Liaoning, Qinghai, Guangxi, and Hebei
(Fig. 3C, Appendix pp 2-4). In 2021, age-standardised
mortality rates for PD were higher in Zhejiang, Liaon-
ing, Guizhou, and Qinghai, while those were the lowest
in Macao, Hong Kong, and Tibet. Between 1990 and
2021, there were both increases and decreases in the
age-standardised DALY rates of PD across the provinces
in China (Fig. 3D, Appendix pp 2—4). In 2021, Zhejiang,
Liaoning, and Qinghai had higher age-standardised
DALY rates, with the lowest rates reported in Macao,
Tibet, and Hong Kong. The age-standardised DALY
rates for PD in the northern regions were higher than
those in other areas.

The changes in the numbers of new cases, pa-
tients, and deaths of PD from 1990 to 2021 can be
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Fig. 1: The incidence, prevalence, mortality, DALY, YLL, and YLD (in counts and crude rates) of Parkinson’s disease by age and gender in
China, 2021. DALY, disability-adjusted life-year; YLL, year of life lost; YLD, year lived with disability.

explained by population growth, population ageing,
and changes in age-specific rates (Table 2). The
number of new PD cases increased by 455.7%, with
20.9% attributed to population growth, 167.0% to
population ageing, and 267.7% to increased age-
specific incidence rates. The number of patients
with PD increased by 678.9%, comprising 20.9% from
population growth, 168.9% from population ageing,
and 489.0% from increased age-specific prevalence
rates. The number of PD deaths increased by 182.5%,
with population growth contributing 20.9%, popula-
tion ageing contributing 226.1%, and changes in age-
specific mortality rates leading to a 64.6% decrease,
which partially offset the overall increase. Changes
in age-specific rates were the primary drivers for the
increase in the number of new cases and patients

of PD, while population ageing was the most
important factor for the rise in PD deaths. Although
the decline in age-specific mortality rates alleviated
the increase in PD deaths, it could not completely
counterbalance the combined effects of population
growth and population ageing on the increase in PD
deaths.

The decomposition of changes in the number of new
cases, patients, and deaths of PD across Chinese prov-
inces showed that population growth had a negative
effect on PD in Sichuan, Heilongjiang, and Jilin, while
all provinces experienced a positive impact on PD dis-
ease burden due to population ageing (Fig. 4, Appendix
pp 5-7). The increase in age-specific rates was the key
driver for the increase in the number of new cases and
patients of PD in all provinces (Fig. 4A and B, Appendix
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Fig. 2: Temporal trends in crude and age-standardised rates of incidence, prevalence, mortality, DALY, YLL, and YLD for Parkinson’s
disease by gender in China from 1990 to 2021. DALY, disability-adjusted life-year; YLL, year of life lost; YLD, year lived with disability.

pp 5 and 6). Regionally, intra-regional differences were
smaller in the eastern and central areas, while larger
internal disparities were observed within the southwest
and northwest regions. Although all in the western re-
gion, the increase in age-specific prevalence rates
contributed the most to the increase in the number of
PD patients in Chongging, Ningxia, and Qinghai, while
its impact was relatively smaller in other western re-
gions such as Xinjiang, Shaanxi, Tibet, and Sichuan.
Population ageing was the main factor contributing to

www.thelancet.com Vol 46 May, 2024

the increase in the number of PD deaths across all
provinces (Fig. 4C, Appendix p 7). The increase in
population ageing contributed the most to the increase
in PD deaths in Chongqing, followed by Ningxia and
Inner Mongolia, with the least impact in Tibet. It is
noteworthy that only the age-specific mortality rates in
Hebei and Liaoning contributed positively to the in-
crease in the number of local PD deaths, while that in
other provinces mitigated the increase in the number of
local PD deaths to some extent.
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Age-standardised incidence in 2021 Age-standardised prevalence in 2021

C2Age-standardised mortality in 2021 D2 Age-standardised DALY rate in 2021

Fig. 3: Age-standardised incidence, prevalence, mortality, and DALY rates of Parkinson'’s disease by province in China, 1990 and 2021.

DALY, disability-adjusted life-year.

Discussion

This study provided a comprehensive analysis of the PD
burden in China from 1990 to 2021, revealing epide-
miological trends and regional disparities, which are
crucial for informing public health policies and resource
allocation. We found that in 2021, China had the highest
age-standardised incidence and prevalence of PD
among the G20 countries (except the EU), with an in-
crease from 1990 that was also the most significant and
far exceeded the global average. The age-standardised
mortality rate for PD in China has significantly
declined compared to 1990, but the overall age-
standardised DALY has not shown noticeable change.
The increase in causative factors was the primary driver
of the increase in the number of new PD cases and
patients, while population ageing was the most impor-
tant factor contributing to the increase in deaths asso-
ciated with PD. Considering the rapid economic

development and accelerated population ageing,” the
disease burden caused by PD in China is becoming
increasingly heavy and requires more public health
attention.

Previous studies had predicted that the number of
PD patients in China would reach approximately 5
million by 2030, accounting for more than half of the
global PD population.” However, our research indicated
that this figure had already been exceeded in 2021,
reaching 5.08 million. Compared with 1990, the num-
ber of new cases and patients of PD in China had
increased by 455.7% and 678.9%, respectively. This
study found that the increase in the incidence and
prevalence of PD was largely attributable to the accu-
mulation of causative factors. The occurrence of PD has
been confirmed to be mainly due to the degeneration
and death of substantia nigra dopaminergic neurons.
However, there is no clear evidence for the mechanism

New cases Patients Deaths

Observed number of people in 1990 915 651.8 32,6
Number expected with 2021 population, 1990 population age structure, and 1990 rates 110.6 7883 39.4
Number expected with 2021 population, 2021 population age structure, and 1990 rates 263.5 1889.5 113.1
Observed number of people in 2021 508.4 5077.1 92.0
Percentage change from 1990 due to population growth 20.9% 20.9% 20.9%
Percentage change from 1990 due to population ageing 167.0% 168.9% 226.1%
Percentage change from 1990 due to change in age-specific rates 267.7% 489.0% -64.6%
Observed percentage change from 1990 to 2021 455.7% 678.9% 182.5%
Data are n or %, where n is in thousands.

Table 2: Decomposition of changes in the number of new cases, patients, and deaths (in thousands) of Parkinson’s disease attributable to population

growth, population ageing, and age-specific rates in China, 1990 and 2021.
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Fig. 4: Decomposition of changes in the number of new cases, patients, and deaths of Parkinson’s disease attributable to population
growth, population ageing, and age-specific rates by province in China, 1990 and 2021. We divided China into the following geographical
regions (excluding Taiwan): 1. North: Beijing, Hebei, Inner Mongolia, Shanxi, Tianjin; 2. Northeast: Heilongjiang, Jilin, Liaoning; 3. East: Anhui,
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of neuronal degeneration and death.”** In addition to
the immutable genetic and population ageing factors,
agricultural and industrial toxins in environmental
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factors might be important changeable factors.'"* Pre-
vious studies showed that pesticides ingested through
agricultural use and food preservative residues might
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lead to various neurodegenerative diseases, including
PD.* Epidemiological studies also found that people
frequently exposed to pesticides or herbicides had a
significantly higher risk of PD.* China is one of the
largest producers of pesticides in the world. Although
the Zero Growth Action of Fertilizer and Pesticide Use
has been carried out recently, pesticide abuse is still
widespread.”” In addition, the influence of heavy
metals and industrial solvents on PD cannot be
ignored.”® Studies have shown that people living in ur-
ban areas with high industrial metal emissions had a
higher incidence of PD.” Since the reform and opening
up, with the development of the socialist market eco-
nomic system, the industrialisation process in China
has developed rapidly, and pesticide production has also
become more diversified.* Some studies have suggested
that improved environmental health policies and land
use planning have great potential for the prevention of
PD.*" Furthermore, there is growing evidence of a
negative correlation between smoking and the risk of
PD.*>*> The prevalence of smoking in the Chinese
population has been high,* but its potential benefits to
PD are insufficient to offset its harmful effects on
health. Hence, it is important to strengthen epidemio-
logical studies targeting risk and protective factors for
PD in the Chinese population, especially in identifying
and managing modifiable risk factors, in order to
accumulate more epidemiological evidence to guide
etiological control and risk management.

Different from the rising trend of age-standardised
mortality of PD in other countries, the age-standardised
mortality in China decreased from 1990 to 2021, but
was still close to the global average. This might be
attributed to the improvement of medical conditions in
China in recent years, particularly the advancement in
the knowledge about and the treatment protocols for
PD.*#¢ It is worth noticing that most patients with PD do
not die directly from PD, but instead, complications such
as lung infection caused by PD or accidental injuries
such as falls may increase the risk of death in patients
with PD to a certain extent.”** Therefore, it is important
to pay attention to the prevention and treatment of the
complications of PD as well.

DALY reflects the total healthy life years lost from
disease onset to death. While the total age-standardised
DALY rates in China have remained relatively stable
over the past 30 years, the age-standardised YLD rates
have been increasing, reflecting a gradual increase in
the burden of disability due to PD. Patients with PD
typically present with motor symptoms such as brady-
kinesia, resting tremor, muscle stiffness, postural gait
disturbance, and non-motor symptoms such as
cognitive-emotional disturbance, sleep disturbance,
pain, and fatigue, which may occur sequentially or
simultaneously,”* severely affecting the patient’s work-
ing ability and quality of life. PD-related dysfunction and
reduced quality of life become increasingly important

health issues as patients’ survival time increases. As PD
is a chronic neurodegenerative disease with no current
cure, existing treatments focus on symptomatic therapy
to alleviate disease symptoms.?' Long-term rehabilitative
therapy and nursing care are crucial for improving the
self-care ability and quality of life of PD patients.
Meanwhile, the development of new treatments and
drugs is also important for improving the quality of life
of patients. Currently, the treatment of PD mainly relies
on drug therapy centred on dopamine metabolism,
supplemented by deep brain electrical stimulation and
surgical therapy.” In recent years, China has also made
some progress in the development of new therapies and
effective drugs for PD.” Therefore, continuing to in-
crease financial support for basic and clinical research
on PD is essential, which will deepen our understanding
of PD’s pathogenesis and promote the development of
novel therapeutic approaches, such as gene therapy and
cell therapy, providing more therapeutic options for PD
patients.

In 2021, there were many new cases of PD in China
between the ages of 50 and 85, accounting for about
85% of the total number of new cases. For people under
90 years of age, age is an obvious influencing factor in
the risk of PD. The incidence, prevalence, or mortality of
PD all increased with age, especially in the population
aged 65 years and older. This was consistent with the
findings of other countries.”*? The decline in the death
burden after the age of 90 might be due to underdiag-
nosis or the presence of other fatal complications.’ In
terms of gender, the disease burden of PD in males of
all ages in China was higher than that in females.
Moreover, for people under 90 years old, the gender
difference grew wider with the increase of age. A na-
tional study in France also found this age-dependent
relationship between PD and gender, the mechanism
of which remained unclear.” Potential mechanisms
such as the role of the X chromosome in PD, more
frequent occupational exposure in males, or the neuro-
protective effect of estrogen in females have been sug-
gested but still need to be further studied.*

Improving health equity and reducing health in-
equalities among regions have long been important
policy objectives of the Chinese government.* However,
precise guidance of public health investments and
resource allocation at the provincial level can only be
achieved by basing these investments on adequate and
detailed health data information. To address this need,
we focused on analysing the disease burden of PD
across different provinces in China. Our study indicated
that although the age-standardised incidence and prev-
alence of PD across all regions of China showed a sig-
nificant upward trend, the disease burden varied
considerably across provincial-level areas. In 2021, the
age-standardised incidence and prevalence of PD were
higher in the southeastern coastal regions than in the
western regions. Nevertheless, with the exception of
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Zhejiang, the age-standardised mortality and DALY
rates of PD were generally lower in most eastern regions
than in central and western regions. This might be due
to the higher levels of economic, industrial, and agri-
cultural development in the eastern regions, which
might be accompanied by more severe environmental
pollution, leading to a higher incidence of PD.* In
contrast, the economic development of the southeastern
coastal region also brings more adequate medical re-
sources and higher public health awareness, potentially
promoting early diagnosis and timely treatment of PD,
thereby improving the prognosis of patients. Addition-
ally, high-level medical services and health management
have also helped patients to better control their disease
and slow down its progression to a certain extent,
reducing the mortality rate. In Zhejiang, the age-
adjusted prevalence and mortality burden of PD have
remained consistently high from 1990 to 2021. The
precise mechanisms underlying this trend are not yet
clear. Region-specific genetic factors might provide a
possible explanation,” but further research is needed. In
terms of changes in the number of patients and deaths
due to PD, the intraregional disparities in China’s
eastern and central regions were relatively small,
whereas those in the southwestern and northwestern
regions were apparently larger. Particularly in the
western region, the increase in causative factors
contributed the most to the increase in the number of
patients with PD in Chongqing, Ningxia, and Qinghai,
but had relatively lesser impact in other western regions
such as Xinjiang, Shaanxi, Tibet, and Sichuan. This
suggests that even within regions with similar
geographical and economic conditions, the epidemio-
logical patterns and influencing factors of PD might still
exhibit apparent differences. These differences might
result from a combination of factors specific to each
area, such as environment, genetics, medical resources,
and public health strategies. Therefore, conducting in-
depth epidemiological surveys in targeted areas to
obtain more detailed and specific regional data is key to
unravelling the mechanisms behind the regional dif-
ferences in PD, as well as to understanding and
responding to this uneven distribution. This will provide
more evidence to support the government in adopting
more precise preventive and control measures in
accordance with local conditions.

This study has several limitations. First, data within
each iteration of GBD were comparable, but due to
inherent limitations in the GBD methodology, results
from different iterations, even for the same year, were not
comparable. Differences in the GBD outcomes between
iterations could be attributed to updates in data sources
and improvements in methodology. Second, GBD 2021
mainly estimated the disease burden of PD through all
available provincial-level data and previous literature in
China. Unfortunately, high-quality epidemiological
studies on PD in China were very limited, especially in
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some provinces with a lack of relevant data, which might
introduce some bias in the model’s estimation. Third,
since 1990, changes in screening and diagnosis methods,
as well as a better understanding of PD by patients and
physicians, might have led to an increase in the reporting
rate of PD, which could potentially impact the analysis of
PD incidence trends. Fourth, although this study set the
minimum onset age for PD at 20 years, the overall
burden was measured based on the entire population,
which might underestimate the actual burden of PD in
the middle-aged and older population to some extent.
Furthermore, this study did not adequately consider the
overlap between atypical Parkinsonism and idiopathic PD
when analysing the epidemiological trends of PD, which
could lead to a biased estimation of the disease burden of
PD. Therefore, current epidemiological findings on PD
need to be interpreted with caution and further validated
in future research.

In conclusion, the disease burden of PD in China
has been consistently rising over the past three decades,
particularly among elderly men. Considering the
complexity of PD pathogenesis, the focus of current
research should be on the etiological research and the
development of therapeutic strategies. Public health
strategies need to enhance early diagnosis and preven-
tion of PD, as well as optimise the regional distribution
of healthcare resources and implement effective envi-
ronmental health policies. Research on the epidemi-
ology of PD in the Chinese population should be
strengthened, particularly focusing on differentiated
management and precise prevention and control stra-
tegies for various regions, genders, and age groups.
Meanwhile, rehabilitation and long-term care for PD
patients require greater attention to improve patients’
quality of life and reduce the burden on society and the
healthcare system.
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