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IMPORTANCE The protective effects of physical activity (PA) against Parkinson disease (PD)
development have been suggested; however, the association of PA with mortality in PD has
rarely been investigated.

OBJECTIVE To evaluate the association between PA and mortality in individuals with PD and
determine how the amount and maintenance of PA are associated with mortality.

DESIGN, SETTING, AND PARTICIPANTS This nationwide population-based cohort study used
Korean National Health Insurance System data. Participants were included from January 1,
2010, and December 31, 2013, and were followed up until December 31, 2017. Data were
analyzed from September 2020 to March 2021. Individuals who were newly diagnosed with
PD were selected using the International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision code G20 and registration code V124 in the program for rare
intractable diseases in 2010 through 2013. Individuals who underwent health checkups
within 2 years before and after the PD diagnosis were enrolled. Those aged younger than 40
years or with missing data were excluded.

EXPOSURES Physical activity levels were collected using self-reported questionnaires.

MAIN OUTCOMES AND MEASURES All-cause mortality.

RESULTS A total of 45 923 individuals were identified; 10 987 were enrolled, and 34
individuals younger than 40 years and 254 with missing data were excluded. A total of
10 699 individuals with PD were included; 4925 (46%) were male and 5774 (54%) were
female, and the mean (SD) age was 69.2 (8.8) years. During the 8-year follow-up period,
there were 1823 deaths (17%). The mortality rate was lower among individuals who were
physically active vs inactive at all PA intensities (vigorous: hazard ratio [HR], 0.80 [95% CI,
0.69-0.93]; moderate: HR, 0.66 [95% CI, 0.55-0.78]; light: HR, 0.81 [95% CI, 0.73-0.90]).
There was a significant inverse dose-response association between the total amount of PA
and mortality (HRs: vigorous, 0.80 [95% CI, 0.69-0.93]; moderate, 0.66 [95% CI,
0.55-0.78]; light, 0.81 [95% CI, 0.73-0.90]; P < .001). Moreover, maintenance of PA was
associated with the mortality rate. Individuals with PD who were physically active both before
and after the PD diagnosis had the greatest reduction in mortality rate across all PA intensities
(HRs: vigorous, 0.66 [95% CI, 0.50-0.88]; moderate, 0.49 [95% CI, 0.32-0.75]; light, 0.76
[95% CI, 0.66-0.89]). Individuals who started PA after receiving the PD diagnosis had a lower
mortality rate than those who remained physically inactive (HRs: vigorous, 0.82 [95% CI,
0.70-0.97]; moderate, 0.69 [95% CI, 0.57-0.83]; light, 0.86 [95% CI, 0.78-0.98]).

CONCLUSIONS AND RELEVANCE This analysis found a dose-response association between PA
and all-cause mortality in PD. Reverse causality may exist, and future prospective randomized
clinical trials are warranted to determine the effect of PA on mortality in PD.
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P arkinson disease (PD), the second most common neu-
rodegenerative disease, is characterized by cardinal
motor signs, including bradykinesia, resting tremor,

rigidity, and postural instability. Although dopaminergic
medication is the mainstay of relieving the symptoms of PD,
effective disease-modifying treatments are lacking. The
causative mechanism of PD remains poorly understood, and
multifactorial origins, including both genetic and environ-
mental factors, have been suggested.1-3 Thus, adopting a
positive lifestyle could be a possible disease-modifying
therapeutic option.

Lifestyle factors, including physical activity (PA), alcohol
consumption, and smoking habits, have been suggested to be
associated with PD development.4-8 Although some lifestyle
factors, such as alcohol consumption, have shown controver-
sial results,4,5 PA has demonstrated relatively consistent
protective outcomes in PD development.9-12 A recent
meta-analysis6 in 2008 including 544 336 participants
from 8 previous studies showed an approximately 20% re-
duced risk of PD development in individuals who were
physically active.

Some studies have examined the association of PA with
PD progression.13,14 Regular PA as well as competitive sports
demonstrated protective outcomes against cognitive decline
and balance impairment in PD.14 Various exercises, including
treadmill training, dance, and tai chi, have shown beneficial
outcomes against PD progression15-17; however, which exer-
cise type or intensity is more beneficial for preventing PD pro-
gression requires further investigation. Moreover, there have
been few reports on the associations of PA with mortality in
PD.14 Therefore, this study aimed to evaluate the association
of PA with all-cause mortality in individuals with PD. We also
investigated how PA maintenance and total amount are cor-
related with mortality in participants with PD using a nation-
wide, population-based cohort in Korea.

Methods
Data Source
The Korean National Health Insurance Service (NHIS) is a
single-payer system that provides mandatory universal com-
prehensive medical coverage for more than 97% of citizens of
Korea and medical aid to approximately 3% of the population
at the lowest income level. The NHIS database includes a
unique anonymous number for each patient and summarizes
demographic variables, such as age, sex, insurance type,
International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) diagnoses, and health
care utilization. The NHIS provides a free biannual national
health screening program for all beneficiaries older than 40
years. The national health screening program includes a self-
reported health behavior questionnaire, medical history, an-
thropometric measurements, and laboratory tests. This study
was approved by the institutional review board of the
Bundang Jesaeng General Hospital, which waived the need for
informed consent because of the retrospective design and use
of encrypted participant data.

Study Population
In 2001, the Korean government started a registration pro-
gram for rare intractable diseases, including PD, to assist
patients with medical expenses. To be registered in the pro-
gram with PD, the physician must confirm the patient meets
strict criteria (eAppendix in the Supplement), which are
almost the same as the those of the UK Parkinson’s Disease
Society Brain Bank. In addition, the NHIS program conducts
regular cross-checking by reviewing medical records to pre-
vent miscoding or inaccurate medical claims; therefore, the
rare intractable diseases registry data are considered valid
and reliable.

For this study, we selected individuals who had been newly
diagnosed with PD between January 1, 2010, and December
31, 2013, with a primary diagnosis of PD (ICD-10 code G20) and
a registration code for PD (V124) in the registration program.
Of these individuals, we included only those who attended
health checkups within 2 years before and after receiving the
PD diagnosis, to evaluate the association between PA mainte-
nance and mortality. Individuals younger than 40 years and
those with missing data were also excluded.

Physical Activity
Data on PA were collected using self-reported structured ques-
tionnaires using a 7-day recall method at the time of health
checkup, similar to the International Physical Activity Ques-
tionnaire-Short form,18 in which participants were asked how
many days per week they spent performing each activity by
intensity level. High-intensity PA, such as running, aerobics,
fast biking, and climbing, for more than 20 minutes was de-
fined as vigorous activity. Moderate-intensity PA, such as fast
walking, riding a bicycle at a normal speed, and doubles ten-
nis, for more than 30 minutes was defined as moderate activ-
ity. Light-intensity PA, such as walking to and from work or for
leisure, for more than 30 minutes was regarded as light activ-
ity. Various other activities were included and categorized into
the corresponding intensity groups. Individuals who re-
ported performing vigorous PA 3 or more times or moderate
or light PA for 5 or more times a week were considered physi-
cally active according to American College of Sports Medi-
cine guidelines.19 Otherwise, the participants were consid-
ered physically inactive.

Key Points
Question Is physical activity associated with all-cause mortality in
individuals with Parkinson disease (PD)?

Findings In this nationwide population-based cohort study of
10 699 individuals with PD, all physical activity intensities were
associated with reduced all-cause mortality, with an inverse
dose-response association between the total amount of physical
activity and mortality. Participants who performed physical activity
before and after the PD diagnosis had the lowest mortality risk.

Meaning In this analysis, physical activity and all-cause mortality
had a dose-response association in individuals with PD; although
reverse causality might exist, modifications to increase and maintain
physical activity may be beneficial for reducing mortality in PD.
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We calculated the total metabolic equivalent of task (MET)
minutes per week to quantify the total PA amount for each in-
dividuals. The MET ratings of 3, 5, and 8 were assigned for light-
intensity, moderate-intensity, and vigorous-intensity activi-
ties based on the 2011 Updates on Compendium of Physical
Activity.20 The values of MET-minutes per week were calcu-
lated by summing the frequency, intensity, and duration of PA,
and the total PA amount was categorized into quartiles.

Other Variables
All-cause mortality up to December 31, 2017, was evaluated
based on nationwide death certificate data from the Korea
National Statistical Office. Residential areas were categorized
into urban and rural. The NHI premium was used as a proxy
measure of income because it is proportional to monthly in-
come, including earnings and capital gains. Individuals who
drank heavily were defined as those who consumed 30 g of al-
cohol per day. Anthropometric data, including height, weight,
and blood pressure (systolic and diastolic), were assessed.
Body mass index (BMI) was calculated as weight divided by
height squared. Venous blood samples were drawn after an
overnight fast to determine total cholesterol, high-density
lipoprotein, low-density lipoprotein, and triglyceride levels.
Comorbidities were measured using the Charlson Comorbid-
ity Index.

Statistical Analyses
For statistical analyses, age, sex, income level, residential area,
and comorbidities were obtained from the nationwide claims
database, and lifestyle-factor, anthropometric, and labora-
tory data were obtained from the health checkup database.
Baseline characteristics after the most recent health checkup
within 2 years of PD diagnosis were used to compare individu-
als with PD who died with those who did not die. Baseline
demographic and medical data are presented as mean (SD) or
median (IQR) values for continuous variables and numbers
(percentages) for categorical variables. The variables in the 2
groups were compared using t tests or Mann-Whitney U tests
for continuous variables or χ2 tests for categorical variables.
The primary outcome was all-cause mortality, according to the
intensity, total amount, and maintenance of PA in individu-
als with PD. Cox proportional hazard models were used to
assess mortality risk by PA level using 3 models with adjust-
ment for confounding variables. Kaplan-Meier curves for all-
cause mortality were constructed and compared using log-
rank tests. Subgroup analyses were performed to evaluate
whether the associations of PA with mortality were consis-
tent. Differences were considered statistically significant at
2-sided P < .05. We used SAS for Windows version 9.4 (SAS
Institute Inc) to perform the statistical analyses. Data were ana-
lyzed from September 2020 to March 2021.

Results
Demographic and Medical Characteristics
At total of 10 699 individuals with PD were included in the
analysis (eFigure in the Supplement). The baseline demo-

graphic and medical characteristics of the participants are
shown in Table 1. The participants with PD included 4925 men
(46%) and 5774 women (54%), and the mean (SD) age was 69.2
(8.8) years. Among the 10 699 individuals with PD who were
followed up for up to 8 years, there were 1823 deaths (mortal-
ity rate, 17%). The mean (SD) follow-up duration was 4.5 (1.4)
years. There were significant differences in age and sex be-
tween individuals who did and did not die (mean [SD] ages:
those who did not die, 68.3 [8.8] years vs those who died, 73.2
[7.5] years; P < .001; percentage of women: those who did not
die, 5053 of 8876 [56.9%] vs those who died, 721 of 1823
[39.6%]; P < .001). The median (IQR) total PA was 270 (0-
630) and 450 (0-900) MET-minutes per week for those who
did and did not die, respectively. Detailed information on PA
status is presented in eTable 1 in the Supplement.

Association of PA With All-Cause Mortality Risk
After PD Diagnosis
A significantly reduced mortality risk was observed in indi-
viduals with PD who were physically active vs physically in-
active. After adjustment for confounding variables, the Cox pro-
portional hazard regression models for mortality showed
hazard ratios (HRs) of 0.80 (95% CI, 0.69-0.93) for vigorous-
intensity PA, 0.66 (95% CI, 0.55-0.78) for moderate-intensity
PA, and 0.81 (95% CI, 0.73-0.90) for light-intensity PA (eTable 2
in the Supplement). The log-rank test revealed a significantly
lower mortality rate among individuals with PD who were
physically active (P < .001) (Figure 1). According to the total
amount of PA measured in MET-minutes per week, multivar-
iate Cox proportional hazards regression analysis showed a pro-
gressively decreasing risk of mortality from the first quartile
(<90 MET-minutes per week) to the fourth quartile (≥820 MET-
minutes per week) (HR, 0.61 [95% CI, 0.53-0.70]; P < .001;
Table 2). The log-rank test revealed a significant inverse asso-
ciation between mortality rate and amount of PA in individu-
als with PD (P < .001) (Figure 2).

Changes in PA Before and After PD Diagnosis
and All-Cause Mortality
Table 3 shows the risk of mortality according to changes in PA
before and after the PD diagnosis. Individuals with PD who
were physically active both before and after the PD diagnosis
showed the greatest reduction in mortality rate for all PA in-
tensities (vigorous: HR, 0.66 [95% CI, 0.50-0.88]; moderate:
HR, 0.49 [95% CI, 0.32-0.75]; light: HR, 0.76 [95% CI, 0.66-
0.89]). Individuals who started PA after receiving the PD di-
agnosis had a lower mortality rate than those who remained
physically inactive (vigorous: HR, 0.82 [95% CI, 0.70-0.97];
moderate: HR, 0.69 [95% CI, 0.57-0.83]; light: HR, 0.86 [95%
CI, 0.78-0.98]). However, those who became inactive after re-
ceiving their PD diagnosis did not have a significantly better
survival rate than individuals with PD who were continu-
ously inactive, despite being physically active before receiv-
ing the PD diagnosis.

Subgroup Analyses
The results of subgroup analyses of age, sex, comorbidities, al-
cohol consumption, smoking, and BMI for the association
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between PA and mortality are presented in eTable 3 in the
Supplement. The interaction term for all variables was nonsig-
nificant, and the inverse association between PA and mortality
remained consistent. Overall, age (HR, 1.07 [95% CI, 1.06-
1.07]; P < .001), disability registration (HR, 1.92 [95% CI, 1.66-
2.23]; P < .001), and Charlson Comorbidity Index (HR, 1.13 [95%
CI, 1.11-1.16]; P < .001) were associated with increased mortal-
ity, whereas female sex (HR, 0.53 [95% CI, 0.48-0.58]; P < .001)
and BMI (HR, 0.94 [95% CI, 0.92-0.95]; P < .001) were associ-
ated with reduced mortality (eTable 4 in the Supplement).

Discussion
In this nationwide population-based longitudinal large-scale
cohort study, we analyzed 10 699 individuals with new-onset
PD to evaluate the association between PA and all-cause mor-
tality. Individuals with PD who are physically active had a lower
mortality rate than those who were physically inactive for all
PA intensities. Moreover, the total amount of PA showed an
inverse dose-response association with all-cause mortality in
individuals with PD. In addition, PA maintenance was associ-

ated with the mortality rate; individuals who were physically
active before and after the PD diagnosis had a greater reduc-
tion in mortality rate than those who were consistently physi-
cally inactive. Performing PA after receiving the PD diagnosis
was associated with a decreased mortality rate, even in indi-
viduals with PD who were physically inactive before receiv-
ing their PD diagnosis.

In recent decades, epidemiologic studies have investi-
gated the association between PA and PD risk and suggested
the beneficial associations of PA with PD development.9,10,12

Various neuroprotective mechanisms of exercise and PA, in-
cluding reducing cellular oxidative stress, mitochondrial dys-
function, and inflammation, have been demonstrated in ani-
mal models.21-24 These neuroprotective mechanisms could also
influence progression and even mortality, since PD is a pro-
gressive neurodegenerative disease. Progressive resistance
training showed beneficial effects on the Unified Parkinson
Disease Rating Scale motor score and cognitive function in PD
through 2 years of follow-up.25,26 Recently, home-based and
remotely supervised aerobic exercise using virtual reality–
attenuated off-state motor symptoms and improved cardio-
vascular fitness in mild PD.27 There have also been reports that

Table 1. Demographic and Medical Characteristics

Variables

Mortality, No. (%)

P valueNo (n = 8876) Yes (n = 1823)
Age, mean (SD), y 68.3 (8.8) 73.2 (7.5) <.001

Sex

Male 3823 (43.1) 1102 (60.5)
<.001

Female 5053 (56.9) 721 (39.6)

Income levels

Medical aid 95 (1.1) 20 (1.1)

.71

Quartile 1 (lowest) 1724 (19.4) 335 (18.4)

Quartile 2 1600 (18.0) 315 (17.3)

Quartile 3 2209 (24.9) 463 (25.4)

Quartile 4 (highest) 3248 (36.6) 690 (37.9)

Urban residential area 3671 (41.4) 623 (34.2) <.001

Disability registration 394 (4.4) 201 (11.0) <.001

Comorbidities

Charlson Comorbidity Index score, median (IQR) 2 (1-4) 3 (2-5) <.001

Diabetes 2797 (31.5) 774 (42.5) <.001

Hypertension 4793 (54.0) 1065 (58.4) <.001

Dyslipidemia 4268 (48.1) 807 (44.3) .003

Current smoking 449 (5.1) 116 (6.4) .02

Heavy drinking 86 (1.0) 26 (1.4) .08

Physically active 3699 (41.7) 515 (28.3) <.001

MET-min/wk, median (IQR) 450 (0-900) 270 (77-148) <.001

BMI, mean (SD) 24.0 (3.1) 23.1 (3.31) <.001

Blood pressure, mean (SD), mm Hg

Systolic 126.1 (15.2) 126.5 (16.5) .32

Diastolic 76.4 (9.7) 76.1 (10.2) .21

Laboratory findings, mean (SD), mg/dL

Total cholesterol 185.9 (38.3) 180.5 (39.7) <.001

High-density lipoprotein cholesterol 52.3 (13.1) 50.4 (13.3) <.001

Low-density lipoprotein cholesterol 108.8 (38.9) 105.4 (35.5) <.001

Triglycerides 109 (79-152) 107 (77-148) .14

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
MET, metabolic equivalent task.

SI conversion factors: To convert
high-density and low-density
cholesterol to mmol/L, multiply by
0.0259; triglycerides to mmol/L,
multiply by 0.0113.
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physical therapy, including resistance and aerobic exercise, im-
proved nonmotor symptoms, such as mood and sleep, in pa-
tients with PD.28,29 However, these studies included small num-
bers of participants and relatively short follow-up durations.
Furthermore, the associations of PA other than physical therapy
or specific exercise with PD progression have rarely been in-
vestigated, and studies on the association between PA and mor-
tality in patients with PD are limited.14

Physical activity is defined as any body movement caused
by the skeletal muscles resulting in energy expenditure.30 In
this study, we investigated the association of 3 PA intensities
with mortality in individuals with PD and found that all were
associated with significantly decreased mortality risks. Al-
though various exercises, including intensive physical therapy
and leisure time activities such as tai chi or dance, have shown
positive outcomes against PD progression,15,17 the exercise type

Figure 1. Kaplan-Meier Curves of All-Cause Mortality in Parkinson Disease by Physical Activity Intensity Level
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Table 2. Cox Proportional Hazard Regression Analysis of the Risk of All-Cause Mortality Among Individuals With Parkinson Disease
by Total Amount of Physical Activity

Quartile
(MET-min/wk)

Parkinson
disease,
No.

Mortality,
No.

Person-
years

Mortality rate
per 1000
person-y

Model 1, hazard
ratio (95% CI)

P
value

Model 2, hazard
ratio (95% CI)

P
value

Model 3, hazard
ratio (95% CI)

P
value

1 (<90) 3163 744 13 817.0 53.847 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

2 (<450) 2060 344 9250.5 37.187 0.69 (0.61-0.78) <.001 0.77 (0.67-0.87) <.001 0.81 (0.71-0.92) .001

3 (<820) 2805 436 12 543.4 34.759 0.64 (0.57-0.73) <.001 0.71 (0.63-0.80) <.001 0.76 (0.67-0.85) <.001

4 (≥820) 2671 299 12 350.9 24.209 0.44 (0.39-0.51) <.001 0.55 (0.48-0.63) <.001 0.61 (0.53-0.70) <.001

Abbreviations: MET, metabolic equivalent task; NA, not applicable.
a Mortality rate is the incidence of mortality per 1000 person-years. Model 1 was

unadjusted. Model 2 was adjusted for age, sex, income level, and residential
area. Model 3 was adjusted for age, sex, income level, residential area,

comorbidities, smoking status, alcohol consumption, body mass index
(calculated as weight in kilograms divided by height in meters squared), and
disability registration.
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or intensity that is most beneficial for preventing PD progres-
sion remains uncertain. In our results, moderate-intensity PA
was more strongly associated with reduced mortality risk than
vigorous PA. This could be attributed to the frequency of PA
per week. According to the American College of Sports Medi-
cine guidelines, we defined physically active as performing vig-
orous PA 3 or more times or moderate PA 5 or more times a
week; thus, the moderate PA group might perform PA more
days a week than the vigorous PA group. This is somewhat in
line with a previous study, which suggested that duration of
PA is more important than the intensity of PA in European older
adults.31 We could not perform a direct comparison between
intensities in this study, and future studies to evaluate the most
effective PA intensity for individuals with PD are needed.

In this study, we measured the total amount of PA, includ-
ing exercise, leisure time sports, and daily walking routines,
using MET-minutes per week and found a significant inverse
dose-response association between the total amount of PA and
all-cause mortality. The benefits of vigorous exercise have been
well established in the general population,32 and 1 study33 re-
ported that high-intensity treadmill exercise might be fea-
sible and safe in PD. However, individuals with PD often have
balance problems and a high risk of falling34; thus, it could be
difficult for individuals with PD to perform vigorous exer-
cise. Parkinson disease is a prevalent neurodegenerative dis-
ease in elderly individuals older than 60 years,35 and recom-
mendation of frequent light-intensity or moderate-intensity
activities that consider each individual’s degree of motor im-
pairment would be more appropriate. There might be reverse
causality in that individuals with PD who have relatively se-
vere symptoms did not perform PA and experienced in-
creased mortality. Prospective randomized clinical trials are
warranted to confirm a causal association between PA and mor-
tality in PD.

We also evaluated how changes in PA before and after a PD
diagnosis were associated with mortality. Individuals with PD
who maintained PA before and after receiving the PD diagno-
sis showed the greatest decrease in mortality rate reduction (up
to 50%). Individuals with PD who became physically active at
any intensity after receiving the PD diagnosis also showed a de-
creased mortality risk. However, among individuals with PD who
discontinued PA after receiving their PD diagnosis, PA showed
a weaker association with mortality risk. This finding suggests
that recent PA levels were more important than past PA levels
in terms of mortality reduction and PA maintenance could be
encouraged in individuals with PD. Although motor function
at the time of PD diagnosis could be relatively preserved com-
pared with that of healthy older adults,36 PA levels decrease
gradually as PD progresses.37 This PA decrease would make in-
dividuals with PD more physically inactive, resulting in an in-
creased all-cause mortality rate. Leisure time exercise or regu-
lar walking is less expensive and might be more applicable to
individuals with PD than structured and intensive physical
therapy programs, and more attention needs to be paid to im-
prove the PA levels of people with PD.

Our results showed an inverse association between PA and
mortality in both men and women with PD. Several previous
studies have demonstrated the beneficial associations of PA or

exercise with reduced PD occurrence only in men.9,38 More-
over, a previous meta-analysis showed an inverse dose-
response association between PA and PD risk among men.6 One
suggested explanation of the protective effect of PA against
PD risk in men was likely because of the lower percentage of
women included in most studies. On the other hand, the in-
cluded studies in the meta-analysis were conducted in West-
ern countries. In this study, we evaluated more than 10 000 in-
dividuals with PD with an almost even sex distribution. Future
studies to elucidate the protective effects and mechanisms of
PA on PD risk and progression according to sex are warranted,
and whether a male predominance of the protective outcomes
of PA against PD truly exists requires verification.

Limitations
This study has several limitations. First, there may have
been selection bias. We only included individuals with PD
who underwent health checkups within 2 years before and
after receiving the PD diagnosis. Thus, it is possible that
only individuals with PD who were relatively healthy or had
health-seeking behaviors were enrolled in the analysis. In
addition, sampling error could exist in the measurement of
PA maintenance based on the PA status at only 2 different
points. Second, recall bias was possible. We collected PA
information from self-reported questionnaires completed
during the health checkup using a 7-day recall method.
Third, although this was a nationwide database study, clini-
cal information, such as motor symptoms or PD subtype,
associated with PD severity could not be obtained. There-
fore, we only included new-onset PD and used disability
registration as a proxy for PD severity. Fourth, caffeine con-
sumption and dietary habits, such as dairy food or vitamin

Figure 2. Kaplan-Meier Curves of All-Cause Mortality in Parkinson
Disease by Total Amount of Physical Activity
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E intake, which have been shown to be associated with PD,
were not included in this analysis. Therefore, we adjusted
for other confounding variables, including comorbidities
and BMI. Fifth, we could not include antiparkinsonian
medications in this analysis. As for the diagnosis of PD,
regarding medication, the response to levodopa was
included in the criteria for PD in the rare intractable disease
registration program. Nonetheless, the association of medi-
cation with PD progression was not considered in the analy-
ses, which might have affected conclusions regarding the
mortality rate. Sixth, in this observational study, there could
be a reverse causality between PA and mortality. Future pro-
spective randomized clinical trials are warranted to eluci-
date the causal association between PA and mortality in PD.

Conclusions

In this analysis of 10 699 individuals with PD, we demon-
strated an inverse association between PA and all-cause mor-
tality. An inverse dose-response association between the total
PA amount and mortality was found in both men and women
with PD. Those who maintained PA before and after receiving
their PD diagnosis showed the greatest mortality reduction,
while PA after the PD diagnosis was also associated with re-
duced mortality. Activity modification to increase and main-
tain PA would be beneficial for PD management, and future
prospective randomized clinical trials to elucidate causal as-
sociations between PA and mortality in PD are warranted.
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