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Abstract
Introduction

Parkinson's disease (PD) is the most common neurodegenerative
movement disorder and is associated with significant disability. The
prevalence is rising, and studies have reported potential sex and race
disparities in patient outcomes. Data about the demographic trends in
PD-related mortality in the United States (US) is limited. This
descriptive study aimed to report the national demographic trends in
PD-related mortality over a 20-year period.

Methods

The US Centers for Disease Control and Prevention Wide-Ranging
Online Data for Epidemiological Research (CDC-WONDER) Underlying
Cause of Death database from January 1999 to December 2020 was
used to determine the PD-related age adjusted mortality rate (AAMR)
stratified by age, sex, ethnicity and geographic area, with the 1999
deaths as the reference group. Annual percentage change (APC) for
AAMR was then calculated using Joinpoint regression.

Results

There were 515,884 PD-related deaths in the study period. The AAMR
increased from 5.3 per 100,000 population in 1999 to 9.8 per 100,000
in 2020. Males had consistently higher AAMR than females and white
race had consistently higher overall AAMR (7.6 per 100,000), followed
by American Indians/Alaska Natives (4.4 per 100,000), Asians/Pacific
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Islanders (4.1 per 100,000) and Black/African Americans (3.4 per
100,000). The Midwest had the highest AAMR followed by West, South
and Northeast. Utah, Idaho and Minnesota had the highest state-level
AAMR.

Conclusions

This study identified significant age, sex, race and geographic
disparities in PD-related mortality in the US. Older age, male sex,
white race and Midwest locality were associated with the highest
AAMR.

Plain Language Summary

Parkinson's disease (PD) is a common disease that impacts the brain
and as a result, movement. One in 37 people will be diagnosed with
PD in their lifetime, and the risk of developing PD increases with age.
PD can lead to variety of complications such as falls, depression, and
death. This research aimed to summarise the demographic trends in
PD-related death in the United States from 1999-2020 using death
certificate data. There were 515,884 PD-related deaths in the study
period. Death rates increased from 5.3 per 100,000 population in 1999
to 9.8 per 100,000 in 2020. In terms of demographics, firstly, male sex
had a higher rate than female sex. Secondly, white race had death
rate than American Indians/Alaska Natives, Asians/Pacific Islanders
and Black/African Americans, Finally, the Midwest had a higher death
rate than the West, South and Northeast. These results could be
because PD is more common in these groups. Future research could
investigate underlying reasons behind disparities in mortality. In
summary, PD is a significant cause of death in the US and there are
differences in demographic trends in PD-related deaths. The number
of deaths from PD per population count is higher with older ages, in
males, people of white race and in the Midwest. Knowledge of these
trends is important to build healthcare services around this growing
population.

Keywords
Parkinson's Disease; Mortality; Outcomes; Epidemiology.
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Introduction

Parkinson’s Disease (PD) is the most common neurodegenera-
tive disorder and is characterised by resting tremor, rigidity and
bradykinesia. It is a leading cause of disability worldwide'".
The prevalence of PD is rising with the increasing average
age of the population, with a prevalence of 1903 per 100,000
in over 80 year olds compared to 41 per 100,000 in 40 to 49
year olds*. Studies suggest geographic variation, North America
having the highest non-age adjusted prevalence (1,601 per
100,000) and Asia having the lowest prevalence (646 per
100,000), possibly due to genetic susceptibility*, as well as the
differing age profiles of the populations. The prevalence of PD
is almost double in males compared to females, possibly due
to a protective effect of female gonadal factors and the lack
of a protective effect of male gonadal factors®’. Despite this,
existing studies report increased mortality in females®’. World-
wide non-age adjusted mortality rate from PD has increased
between 1994 and 2019 (1.76 per 100,000 in 1994 and 5.67
per 100,000 in 2019), which could be due to a variety of fac-
tors such as an ageing population and improved reporting®. In
addition to PD being associated with a significant individual
burden, PD is also associated with large economic burden®. In
the United States (US) in 2017, there were 1 million people liv-
ing with PD, incurring a total economic cost of $51.9 billion
of direct and indirect healthcare costs, which is projected to
increase substantially®.

There is a paucity of published data about the annual demo-
graphic trends in PD-related mortality in the US?. Therefore,
the aim of this study was to examine the demographic trends in
PD-related mortality using national data. Knowledge of these
trends is important to monitor the growing population living
with PD and improve end of life care services.

Methods
Patient and Public Involvement
There was no public or patient involvement in this study.

The Centers for Disease Control and Prevention Wide-Ranging
OnLine Data for Epidemiologic Research (CDC-WONDER)
underlying cause of death database was utilised from 1999
to 2020. CDC-WONDER is a dataset containing details on
the cause of death from the 50 US states and the District of
Columbia, as obtained from death certificates’. More than 99%
of US deaths are recorded on CDC WONDER®. Several stud-
ies have previously used this dataset to determine the trends in
mortality for chronic conditions as well as the incidence and
mortality of different cancers'™'. Using the International Clas-
sification of Diseases- Tenth Revision (ICD-10) code for PD
(G20), data were collected on records with PD stated as the
underlying cause of mortality'.

Data for year, population size, demographics (age at death,
sex and race), location of death (outpatient, emergency room,
inpatient, death on arrival or unknown), region and state
were extracted from CDC-WONDER using death certificate
information.

NIHR Open Research 2024, 4:50 Last updated: 16 JAN 2025

Annual PD-related crude mortality rates (CMR) and age-adjusted
mortality rates (AAMR) per 100,000 persons were determined.
To calculate crude mortality rate, the number of PD-related
deaths was divided by the population of the given year and
presented with 95% confidence intervals (CI). AAMR was cal-
culated by standardizing the PD-related deaths to 1999 US
population and presented with 95% CI¥. Joinpont regression
was used to quantify annual national trends in PD-related mor-
tality by calculating the annual percentage change (APC) using
the Joinpoint software!®. Joinpoint regression identifies sig-
nificant differences in AAMR over time using log-linear regres-
sion models for temporal variations. Microsoft Excel was used
to visually present data!”.

This study did not require ethical approval from an institu-
tional review board. CDC-WONDER is an publicly available,
anonymised dataset’. Therefore, this study was performed in
accordance with the ethical standards laid down in an appro-
priate version of the 1965 Declaration of Helsinki. This study
was reported in accordance with the STrengthening the Report-
ing of Observational studies in Epidemiology (STROBE)
guidelines'®.

Results

Annual Trends for PD-Related Mortality

Between 1999 to 2020, there were a total 515,884 PD-related
deaths. Overall CMR was 7.6 per 100,000 persons (95% CI 7.6-
7.7) and AAMR was 7.1 per 100,000 persons (95% CI 7.1-7.2).
CMR was 5.2 per 100,000 in 1999 (95% CI 5.1-5.3) and 12.1
per 100,000 in 2020 (95% CI 12.0-12.3). AAMR was 5.3
per 100,000 in 1999 (95% CI 5.2-5.4) and 9.8 per 100,000 in
2020 (95% CI 9.7-9.9). Using Joinpoint regression analysis,
the APC in AAMR was 5.71 (95% CI 2.00-8.67) from 1999-
2001, 1.44 (95% CI -0.07-1.85) from 2001-2013 and 4.25
(95% CI 3.34-5.62) from 2013-2020 (shown in Table 1 and
Figure 1).

Annual trends for PD-related mortality stratified by age
Older age categories had a consistently higher CMR through-
out the 20 year period (Table 2 and Figure 2). CMR for patients
aged over 85 was 7.6 (95% CI 172.8-174.3), compared to a
CMR of 1.4 (95% CI 1.4-1.4) for patients aged 55-64 (shown
in Figure 3).

Annual trends for PD-related mortality stratified by sex
Male sex had a consistently higher AAMR (10.9 per 100,000
95% CI 10.8-0.9) than female sex (4.8 per 100,000 95% CI
4.7-4.8) across the study period (shown in Table 1). Using
Joinpoint regression analysis, the APC in AAMR for males was
2.63 (95% CI 0.92-4.33) from 1999-2005, which then decreased
to -0.17 (95% CI -1.61-3.91) from 2005-2009, increased
to 2.71 (95% CI -0.36-3.48) from 2009-2018 and increased
further to 6.14 (95% CI 2.93-7.90) from 2018-2020. The APC
in AAMR for females was 4.61 (95% CI 2.01-9.44) from 1999—
2002, 1.11 (95% CI -1.27-1.54) from 2002-2014, then 4.74
(95% CI 3.41-7.56) from 2014-2020 (shown in Figure 4 and
Figure 5).
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— 2013-2020 APC = 4.25*
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Age Adjusted Rate
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4
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Year
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* Indicates that the Annual Percent Change (APC) is significantly different from zero at the alpha = 0.05 level.

Abbreviations: APC — Annual percentage change.

Figure 1. Joinpoint regression analysis by year.

Annual trends for PD-related mortality stratified by
race/ethnicity

White patients had consistently higher AAMR (7.6 per 100,000
95% CI 7.6-7.6) than American Indians/Alaska Natives (4.4
per 100,000 95% CI 4.3-4.4), Asians/Pacific Islanders (4.1
per 100,000 95% CI 3.9-4.3) and Black/African Americans
(3.4 per 100,000 95% CI 3.5-3.6) (shown in Table 1). Using
Joinpoint regression analysis, the APC in AAMR for white
patients was 5.58 (95% CI 2.16-8.28) from 1999-2001, 1.66
(95% CI10.33-1.98) from 2001-2014 and 4.63 (95% CI 3.64-6.23)
from 2014 to 2020. The APC in AAMR for American Indi-
ans/Alaska Natives was 0.75 (95% CI -0.58-2.11) from 1999-
2020. The APC in AAMR for Asians/Pacific Islanders was
1.50 (95% CI -1.05-2.37) from 1999-2012 and 5.10 (95% CI
3.29-11.18) from 2012-2020. The APC in AAMR for Black/
African Americans was 3.22 (95% CI 1.84-7.93) from 1999-
2007, reducing to -1.56 (95% CI -3.84-8.46) from 2007-2010,
then increasing to 6.07 (95% CI 2.72-8.47) from 2010-2020
(shown in Figure 6 and Figure 7).

Census region and census division level data

The Midwest census region had the highest AAMR (7.7 per
100,000 95% CI 7.6-7.7), followed by the West (7.4 per 100,000
95% CI 7.4-7.5), South (7.2 per 100,000 95% CI 7.1-7.2)
and Northeast (6.2 per 100,000 95% CI 6.1-6.2). The cen-
sus division with the highest AAMR was Mountain (8.1 per
100,000 95%CI 8.0-8.2), followed by West North Central
(8.0 per 100,000 95% CI 7.9-8.1), East North Central (7.5 per
100,000 95% CI 7.5-7.6), West South Central (7.5 per 100,000
95% CI 7.5-7.6), East South Central (7.2 per 100,000 95%

CI 7.1-7.3), Pacific (7.2 per 100,000 95% CI 7.1-7.2), South
Atlantic (7.0 per 100,000 95% CI 6.9-7.0), New England (6.8 per
100,000 95% CI 6.7-6.9) and Middle Atlantic (6.0 per 100,000
95% CI 5.9-6.0) (shown in Table 2).

Health and Human Services region level data

The top 3 health and human services (HHS) regions with
the highest AAMR was region 10 (Alaska, Idaho, Oregon,
Washington) (8.4 per 100,000 95% CI 8.3-8.5), followed by
region 8 (Colorado, Montana, North Dakota, South Dakota,
Utah and Wyoming) (9.1 per 100,000 95% CI 8.0-8.2) and
region 7 (lowa, Kansas, Missouri, Nebraska) (7.8 per 100,000
95% CI17.7-7.9) (shown in Table 2).

State level mortality rate

The 3 states with the highest AAMR were Utah (10.1 per 100,000
95% CI 9.7-10.4), followed by Idaho (9.0 per 100,000 95%
CI 8.7-9.3) and Minnesota (8.9 per 100,000 95% CI 8.8-9.1).
The 3 states with the lowest AAMR over the study period
were New York (4.7 per 100,000 95% CI 4.7-4.8), followed
by the District of Columbia (4.9 per 100,000 95% CI 4.5-5.3)
and Connecticut (6.2 per 100,000 95% CI 6.0-6.4) (shown in
Table 3 and Figure 3).

Place of death

Of all patient deaths (515,884), the most common place of death
was a nursing home/long term care (45.7%), followed by the
decedent’s home (28.3%), medical facility — inpatient (12.7%),
other place of death (6.0%), hospice facility (5.4%), medical
facility — outpatient/emergency room (1.5%), unknown place

Page 6 of 17



Table 2. Mortality rate stratified by Census region, Census
division and HHS region.

Variables AAMR [95%CI]
Census Region 1: Northeast 6.2 [6.1-6.2]
Census Census Region 2: Midwest 7.7 [7.6-7.7]
region  census Region 3: South 7.2107.1-7.2]
Census Region 4: West 7.4[7.4-7.5]
Division 1: New England 6.8 [6.7-6.9]
Division 2: Middle Atlantic 6.0 [5.9-6.0]
Division 3: East North Central 7.5[7.5-7.6]
Division 4: West North Central 8.0[7.9-8.1]
;3?;2:1 Division 5: South Atlantic 7.0[6.9-7.0]
Division 6: East South Central 7.2 [7.1-7.3]
Division 7: West South Central 7.5[7.5-7.6]
Division 8: Mountain 8.1 [8.0-8.2]
Division 9: Pacific 7.1[7.1-7.2]
HHS Region #1 6.8 [6.7-6.9]
HHS Region #2 5.3[5.2-5.3]
HHS Region #3 7.2[7.1-7.2]
HHS Region #4 7.0[6.9-7.0]
HHS HHS Region #5 7.7[7.6-7.7]
région  yys Region #6 7.6 [7.5-7.7]
HHS Region #7 7.81[7.7-7.9]
HHS Region #8 8.1 [8.0-8.2]
HHS Region #9 6.9 [6.9-7.0]
HHS Region #10 8.4 [8.3-8.5]

Abbreviations: AAMR - Age adjusted mortality rate; CI - Confidence interval;
HHS - Health and Human Services.

(0.2%) and medical facility — death on arrival (0.2%) (shown
in Table 4).

Discussion

To the best of our knowledge, this is the first study to inves-
tigate the trends in PD-related mortality in the US. There are
several important findings. Firstly, PD-related mortality in the
US has steadily increased over a 20 year period, with an
AAMR of 53 per 100,000 in 1999 compared to 9.8 per
100,000 in 2020. Secondly, there are significant geographical
differences in PD-related mortality, with Midwest regions asso-
ciated with the highest mortality rate and top 3 states with
highest AAMR being Utah, Idaho and Minnesota. Finally, there
are significant differences in demographic trends in mortality,

NIHR Open Research 2024, 4:50 Last updated: 16 JAN 2025

where older age, male sex and white race associated with
higher AAMRSs over the 20 year study period.

The average age of the population is increasing, and along with
improved management of acute and chronic conditions, patients
are living longer placing them at risk of chronic diseases'.
Age is strongly associated with the development of PD, with
a later age of diagnosis of PD linked to more severe motor
deficit, postural instability and rapid disease progression®.
Ageing alters body homeostasis through its effect on cellular
processes causing mitochondrial dysfunction, free radical pro-
duction and oxidative stress, predisposing to neurodegeneration
of the substantia nigra*. Furthermore, the iron content of the
substantia nigra increases with age and is linked to their
decrease in function??. The present analysis demonstrated that
increasing age was associated with an increased AAMR. Pre-
vious studies have elicited this finding, with some display-
ing better overall prognosis and response to pharmacological
treatment such as Levodopa therapy in younger patients**,

This study reports sex differences in PD-related mortal-
ity. There are no studies that have analysed temporal trends in
sex-related disparities in PD patients. Previous studies have
reported an increased prevalence of PD in males, and increased
likelihood of PD mortality in females®’. Increased preva-
lence in males may be due to findings of lack of protective
effects of male gonadal factors, in contrast to female gonadal
factors which are suspected to be protective for PD®’. Females
have a higher likelihood of overall and earlier disease course-
related mortality from PD compared to males®. This could
be due to a later age of diagnosis given the aforementioned
protective factors, which is associated with more severe
symptoms, lower responsiveness to guideline indicated treatment.

The present study reports important racial differences in
PD-related mortality, with white race associated with the high-
est AAMR. This could be because PD is most prevalent in
white populations, possibly due to genetic susceptibility’. Sev-
eral studies state black patients have a higher risk of mortality
than white patients®*2%, Common reasons for poor outcomes in
black patients could be multifactorial. There are several social
determinants of health that could mediate outcomes in black
populations which have been demonstrated across many dif-
ferent studies involving the US, including geographic location,
socioeconomic status and access to healthcare®='. State-level
disparities in the context of US healthcare in particular could
be due to varying levels of accessibility to services and afford-
ability®. Furthermore, certain regions of the US such as the
Midwest have a higher proportion of individuals who are
holder and white race*. This could explain increased AAMR
in the Midwest region and associated states.

Admissions to hospital in patients with PD in the US have
been steadily increasing. An analysis using the National Inpa-
tient Sample demonstrated that from 2002-2016, admissions
in patients with PD rose from 212,070 to 312,980%*. Mortal-
ity as an inpatient during this time decreased from 4.8% in
2002-2004 to 3.6% in 2014-2016*. In the present study,
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Table 3. Mortality rate stratified by

state.

State
Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
District of Columbia
Florida
Georgia
Hawaii
Idaho
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota

Mississippi

AAMR [95%CI]
7.5[7.3-7.6]
7.1[6.5-7.7]
8.1[7.9-8.2]
6.5[6.3-6.7]
6.8 [6.7-6.8]
8.2 [8.0-8.4]
6.2 [6.0-6.4]
6.7 [6.4-7.1]
4.9[4.5-5.3]
6.7 [6.6-6.7]
7.2[7.1-7.3]
6.4 [6.1-6.6]
9.0[8.7-9.3]
7.4[7.3-7.5]
7.8 [7.7-8.0]
7.7 [7.5-7.8]
8.5[8.3-8.7]
7.3[7.1-7.4]
7.3[7.1-7.5]
8.1[7.8-8.4]
7.11[6.9-7.2]
6.6 [6.5-6.7]
7.5[7.3-7.6]
8.9[8.8-9.1]
6.4 [6.2-6.6]
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State

Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin

Wyoming

Abbreviations: AAMR - Age adjusted mortality
rate; CI - Confidence interval.

AAMR [95%CI]
7.3[7.2-7.5]
7.3[6.9-7.6]
8.5[8.2-8.7]
6.3 [6.1-6.6]
7.7[7.3-8.0]
6.5 [6.4-6.6]
8.1[7.9-8.4]
4.7 [4.7-4.8]
1[7.0-7.3]
1[6.7-7.5]
5[7.4-7.6]
1[7.0-7.3]
4[8.2-8.6]
3[7.2-7.4]
6[6.3-6.9]
3[7.1-7.4]
91[6.5-7.2]
4[7.2-7.5]
8[7.8-7.9]

10.1[9.7-10.4]
3[7.9-8.8]
4[7.2-7.5]
4[8.2-8.5]
71[6.5-6.9]
81[7.7-7.9]

6.5 [6.0-6.9]

5
7
7
5
8
5
6
v
6.
7
7
8
5
8
6
5

Table 4. Location of death.

Location

Medical Facility - Inpatient
Medical Facility - Outpatient or ER
Medical Facility - Dead on Arrival

Medical Facility - Status unknown

Decedent’s home

Hospice facility

Nursing home/long term care

Other

Place of death unknown

Abbreviations: ER - Emergency room.

Deaths
65513
7659
844
169
145882
28031
235672
31047
1067

12.7
1.5
0.2
0.0

28.3
54

45.7
6.0
0.2

Percentage of Total Deaths, %
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PD-related AAMR increased over the study period, suggesting
patients with PD are likely die outside of hospital, as this
analysis also demonstrates. Previous studies have demonstrated
a similar trend. An analysis of the World Health Organisa-
tion Mortality Database from 1994-2019 showed that mor-
tality rate in 1994 was 1.76 per 100,000, rising to 5.67 per
100,000 in 2019. Mortality rate was higher in males and in
European countries and the United States®. Another study
similar to the present study where AAMR from PD increased
from 5.4 per 100,000 to 8.8 per 100,000 in a 20 year period®.
The present study observed a similar trend, with AAMR
5.3 per 100,000 in 1999 and 9.8 per 100,000 in 2020.

There are several important clinical implications of this study.
This study demonstrates that PD is present as an underlying
cause in a significant number of deaths in the US. Knowledge
of trends in PD-related mortality is fundamental to build-
ing healthcare infrastructure around the growing needs of
the increasing population living with PD. This study reports
significant differences in demographic trends in PD-related
mortality. Increasing age, male sex and white race were asso-
ciated with the highest AAMR. This supports increased focus
into the underlying reasons for these disparities and research
into how these disparities can be addressed and managed.

There are several limitations to this study inherent to the data-
set used. Firstly, routinely collected data from death certifi-
cates may be subject to coding inaccuracies, although there is
no reason to believe this would bias findings in one direction
or another, it may decrease precision. Secondly, data on over-
all prevalence, pharmacotherapy, co-morbidities and procedures
that could have mediated outcomes are not available on the
dataset, and therefore, we were not able to consider the rate
of deaths allowing for the underlying rate of disease or the
pathway from diagnosis to death. Finally, with this data-
set we cannot ascertain the exact primary cause of death (e.g.
cardiovascular disease, respiratory disorders, trauma), although
arguably this is not the question at hand if PD is underly-
ing this primary cause of death. This study records PD as an
underlying cause of death where it is recorded on the death
certificate of the deceased patient.

Future research could investigate underlying reasons behind
disparities in mortality. Given the present study confirms
populations with the highest prevalence of PD (older, male
and white), also have the highest AAMR, further work must be
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completed to determine underlying reasons behind poor out-
comes in female sex and non-white groups discovered in other
studies. Knowledge of the factors contributing to poor out-
comes could be fundamental to identify at-risk individuals.
These individuals can be targeted for risk factor optimisa-
tion with the aim to reduce downstream adverse outcomes. Fur-
ther research could also investigate the interplay between the
aforementioned social determinants, age of diagnosis, onset
of symptoms, comorbidities and how these impact demographic
differences in PD-related mortality.

Conclusions

In conclusion, there are significant differences in demo-
graphic trends in PD-related mortality in the US. PD accounts
for a greater number of deaths per head of population at older
ages, in males, people of white race and in the Midwest.
Knowledge of these trends is important to build healthcare
services around this growing population. Further research
must focus on addressing these differences to optimise manage-
ment and development of appropriate healthcare infrastructure
around this growing, at-risk population.
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1. Rong et al. (2021) conducted similar analyses to examine temporal trends in Parkinson’s
disease mortality in the USA from 1999 to 2019 using data from the National Vital Statistics
System (NVSS) of the National Center for Health Statistics (NCHS) and the Centers for
Disease Control and Prevention (CDC). They also calculated the age-adjusted mortality rate
each year from 1999 to 2019, stratified by age, sex, ethnicity, and region. I wonder what
new insights this manuscript provides.

Rong, S., Xu, G, Liu, B., Sun, Y., Snetselaar, L. G., Wallace, R. B,, ... & Bao, W. (2021). Trends in
mortality from Parkinson disease in the United States, 1999-2019. Neurology, 97(20), e1986-e1993.

2. Can you provide more details about the joinpoint regression models? How was the statistical
significance of a change in trend assessed? Have you specified the minimum and maximum
number of joinpoints?

3. In the Discussion section, the authors noted that the higher mortality rate among White
patients compared to Black patients was due to the higher prevalence of Parkinson's disease (PD)
in White individuals. You may consider presenting prevalence values of PD by race/ethnicity from
other literature to support this point.
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Lawrence T Dauer
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Article reports on age-adjusted mortality rates of Parkinson's Disease using the CDC-WONDER
underlying COD database from 1999-2020 and reports a near doubling of the AAMR over that
period and that older age, males, white race, and Midwest regions had highest AAMRs. Note that
this is not the first study over this time period that has utilized the same database. In the present
form, it is not clear what this evaluation provides that is new or original.

Several comments/suggestions for Improvement:

1. Census region, HHS region, and State level mortality results could be improved if there were
adjustments based on race and age demographics for those regions (as pointed out by the
authors Midwest has older and more generally white). Census data over time could be utilized for
those adjustments. An adjusted evaluation would be more informative when evaluating regional
differences. If such an evaluation were performed, it would be a unique addition to the literature
that already exists over this time period. In addition a rural vs urban breakdown would be helpful
to compare with other previously reported results.
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2. Page 7 of 15 - as this is not the first study to investigate trends in PD-related mortality in the US
(example Ref 35 - and others noted below), should remove this sentence.

3. Page 7 of 15 - other studies have evaluated sex-related differences ( example Ref 35 and others)
and they should be compared with.

4. Page 7 of 15 - spelling error for "holder" meaning "older".

5. Figures 2 and 6 should be enlarged, difficult to read.

6. Several other studies should be referenced and discussed and a clear distinction made between
this study and those earlier reported results. In fact, Ref 35, Rong et al should be compared with
as it is not clear what is different in this study vs that study. In addition, see other examples:
Tharwani et al 2024 - https://www.prd-journal.com/article/S1353-8020(24)01122-2/abstract

and a systematic review of global trends from Lancet

Zhu et al 2024 (Ref-1) - https://www.thelancet.com/journals/lanhl/article/P11S2666-7568(24)00094-
1/fulltext
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This study analyzes the demographic trends in

PD-related mortality in the United States. The data are from CDC-WONDER and refer to the time
interval January 1999 - December 2020.

The work clearly and accurately presents and cites the literature.

The statistical analysis and its interpretation are appropriate

If possible, it would be useful and interesting to add a section about the cause of death (cancer,
depression, ischemic heart disease, stroke....... ).

This section would give a more complete view of the results.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: parkinson's disease

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Page 17 of 17


https://doi.org/10.3310/nihropenres.14792.r34191
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-4854-1992

