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Abstract

Background: Physical activity is a modifiable risk factor associated with health benefits. We hypothesized that a more active lifestyle in older 
adults is associated with a reduced risk of incident parkinsonism and a slower rate of its progression.
Methods: Total daily physical activity was recorded with an activity monitor in 889 community-dwelling older adults participating in the 
Rush Memory and Aging Project. Four parkinsonian signs were assessed with a modified motor portion of the Unified Parkinson’s Disease 
Rating Scale and summarized as a categorical measure and continuous global parkinsonian score. We used Cox models to determine whether 
physical activity was associated with incident parkinsonism and linear mixed-effects models to examine if physical activity was associated 
with the rate of progressive parkinsonism.
Results: During an average follow-up of 4 years, 233 of 682 (34%) participants, without parkinsonism, developed incident parkinsonism. 
In Cox models controlling for age, sex, and education, a higher level of physical activity was associated with a reduced risk of developing 
parkinsonism (hazard ratio = 0.79; 95% CI = 0.70–0.88, p < .001). This association was not attenuated when controlling for cognition, 
depressive symptoms, Apolipoprotein E ℇ4 allele, and chronic health conditions. In a linear mixed-effects model including all participants 
(N  =  889) which controlled for age, sex, and education, a 1 SD total daily physical activity was associated with a 20% slower rate of 
progression of parkinsonism.
Conclusion: Older adults with a more active lifestyle have a reduced risk for parkinsonism and a slower rate of its progression.

Keywords:  Parkinsonian disorders, Exercise, Activities of daily living, Risk factors, Aged 80 and older

In prior work late-life motor impairments such as parkinsonian 
signs including impaired gait and balance, bradykinesia, tremor, and 
rigidity, are common and by the age of 85 years may affect 50% 
or more of adults without a clinical diagnosis of Parkinson disease 
(PD) (1). These impairments are not “benign” as they are associated 
with an increased risk of death, disabilities, and incident cognitive 
impairment including mild cognitive impairment and Alzheimer’s 
disease (AD) dementia. Moreover, in a prior study of older adults, 
almost half without parkinsonism developed parkinsonism during 
5 years of follow-up (1,2). Thus, identifying modifiable risk factors 
to slow or prevent the development of parkinsonism has potential 

to improve the quality of life in many older adults and facilitate the 
maintenance of independent living.

Physical activity is a volitional and modifiable behavior with a 
range of potential health benefits (3). Until recently, community-
based studies have relied on self-reported measures of physical ac-
tivity (2,4). Most self-report instruments have focused on physical 
exercise but have not concurrently assessed habitual physical activ-
ities which may play an important role in older adults (5). In prior 
work, we found that self-reported physical activity was not asso-
ciated with incident parkinsonism when controlling for other clin-
ical covariates (2). However, this finding may reflect the limitations 
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of self-report when compared with objective metrics of motor 
performance.

Unobtrusive, wearable activity monitors are now available which 
can be employed to record all daily movement continuously over 
several days in the community-setting. These recordings can yield 
physical activity metrics for total activity free from recall bias and 
other sources of subjectivity and include both exercise and habitual 
activities (6). Examining these data are crucial for determining if a 
more active lifestyle is independently associated with incident par-
kinsonism and its rate of progression (7).

To fill this knowledge gap, we used data from nearly 900 
community-dwelling older adults participating in the Rush Memory 
and Aging Project, a community-based cohort study of chronic con-
ditions of aging. Annual clinical assessment of parkinsonism was 
based on 26 items from a modified version of the United Parkinson’s 
Disease Rating Scale as previously described (8,9). The total quantity 
of physical activity and its intensity was derived from multi-day re-
cordings obtained with a wrist worn activity monitor. This monitor 
recorded all exercise and habitual physical activity continuously, 
24 h/d, for up to 10 days as previously described (5,6).

Method

Participants
The Rush Memory and Aging Project (MAP) began to recruit older 
adults from retirement facilities, subsidized housings, and individual 
homes across Chicago Metropolitan area in 1997. Participants agree 
to annual clinical assessments and organ donation at the time of 
death. Actigraphy data collection was added to the study in 2005. 
The study employs rolling admissions so the analytic baseline for this 
study was the cycle at which an individual completed the first valid 
actigraphy assessment. The goal of these analyses was to examine 
the association of quantitative metrics of physical activity with inci-
dent parkinsonism and the annual rate of change in parkinsonism in 
older adults without a known cause for parkinsonism. Eligibility for 
these analyses included a valid baseline assessment of daily physical 
activity and an assessment of parkinsonism at the same cycle with at 
least one additional follow-up assessment of parkinsonism.

Since 2005, 1,214 participants had completed an assessment 
of both total daily physical activity and parkinsonism as described 
below. The primary analyses in this paper examine the association 
of physical activity with the risk and severity of parkinsonism over 
time. Therefore, we excluded 60 individuals with a known cause for 
parkinsonism at baseline including a clinical diagnosis of Parkinson’s 
disease for which they received dopaminergic medications (N = 21) 
or individuals who were receiving neuroleptic medications known 
to affect the severity of parkinsonism (N  =  39) as their inclusion 
in these analyses would confound our findings. As our analyses fo-
cused on longitudinal outcomes, we excluded an additional 265 in-
dividuals who did not have one or more follow-up assessments of 
parkinsonism (45 participants died before their first follow-up, 92 
individuals were lost in the follow-up, and 128 had missing parkin-
sonism data; Supplementary Figure e-1). This left 889 participants, 
including 682 without parkinsonism and 207 with parkinsonism at 
baseline, for these analyses.

Individuals included in these analyses (N = 889) and those ex-
cluded (N = 265) showed similar age at study entry, sex distribu-
tion, severity of parkinsonism, BMI, depressive symptoms, burden of 
vascular risk factors, and diseases. Individuals excluded from these 

analyses had lower levels of total daily physical activity and more 
years of education (Supplementary Table e-1).

Assessment of the Presence and Severity of 
Parkinsonism
Annual testing included a modified version of the United Parkinson’s 
Disease Rating Scale (UPDRS) administered by trained nurse clin-
icians (8,9). Twenty-six items were examined to assess four parkin-
sonian signs (parkinsonian gait, bradykinesia, rigidity, and tremor; 
Supplementary Methods and Table e-2). In prior work, we showed 
that assessments with this modified UPDRS have high inter-rater re-
liability and short-term stability among nurses and compared with a 
movement disorders specialist (8,9).

Categorical parkinsonism
A categorical measure of parkinsonism is necessary to identify inci-
dent cases of parkinsonism. An individual was categorized as having 
parkinsonism based on the clinical presence of two or more of the 
four parkinsonian signs assessed. Parkinsonism was not present 
if there were none or one of the four parkinsonian signs present. 
A parkinsonian sign was present if two or more of its included items 
showed mild abnormality. Further details about the construction and 
validation of these categories are in the Supplementary Methods.

Global parkinsonian score
The 26 UPDRS items were also summarized as a continuous global 
parkinsonian score which captures the overall severity of parkin-
sonian signs. This metric has been used extensively for longitudinal 
modeling of the progression of parkinsonism in older adults (2,10). 
The construction and validation of global parkinsonian score is in-
cluded in the Supplementary Methods.

Assessment of Total Daily Physical Activity
All physical activities were recorded continuously 24 h/d for up to 
10 days using an activity monitor worn on the nondominant wrist 
(Actical; Philips Healthcare, Andover, MA). Actical accelerometers 
generate a signal proportional to the magnitude and duration of 
detected motion. The analog signal is digitized, rectified, integrated 
across a 15-second span, and rounded to the nearest integer to create 
an activity count for each 15-second period with motion.

Total daily physical activity was the average sum of all recorded 
daily activity counts for all complete days of recordings as previously 
described (6,7). Prior studies have estimated activity counts recorded 
for different motor performances: walking at 2.5 mph is associated 
with 2354 activity counts/min or jogging at 4.5 mph is associated 
with 8640 activity counts/min, on average (11). Supplementary 
Figure e-2 shows a time series of all recorded activity counts for a 
single participant during 10 days (12). The intensity of daily physical 
activity may play a role in its potential health benefits (13). Intensity 
of total daily physical activity was calculated by dividing the total 
daily activity counts by total hours per day of nonzero epochs (ac-
tivity counts per hour per day) (6,7).

Assessment of Other Clinical Covariates
Motor performance was assessed by 10 motor performance tests 
including: 1 and 2: pinch and grip strength, 3: the Purdue Pegboard, 
4: rate of finger tapping, 5–8: duration and number of steps to walk 
eight feet and for turning 360°, and 9 and 10: duration of standing 
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on one leg and on toes. These scores were scaled and averaged to 
obtain a previously published summary global motor score (14). 
Additional details about these performances and the construction 
of this composite metric are included in Supplementary Methods.

Trained technicians administered 19 cognitive tests as described 
previously from which a composite measure of global cognition 
was constructed. The individual tests included: Boston Diagnostic 
Aphasia Examination, immediate and delayed recall of the East 
Boston Story and Logical Story Memory A, Word List memory, 
Word List Recall, Word List Recognition, a 15-item word reading 
test, Bostin Naming Test, naming category exemplars (animal and 
fruits-vegetables) in 1-minute, Digit Span Forward and Backward, 
Digit Ordering, Symbol Digit Modalities Test, Number Comparison, 
Judgement of Line Orientation, and Standard Progressive Matrices 
(15,16). These 19 test scores were summarized in a global cognition 
score, as described previously and summarized in the Supplementary 
Methods (17).

Cognitive testing was scored by a computer and reviewed by a 
neuropsychologist to diagnose cognitive impairment. Then partici-
pants were evaluated by a physician who used all cognitive and clin-
ical data to classify persons with respect to dementia, as previously 
described (18).

Depressive symptoms over the week before annual examination 
were assessed by 10-items version of the Center for Epidemiological 
Studies Depression (CES-D) scale (19). It has a range from 0 to 10, 
with higher scores denote more severe symptoms, and a score of 3 
has been used as the cutoff score for depression (20). Self-reported 
questionnaires were used to assess late-life physical, social, and 
cognitive activities, as described previously and summarized in the 
Supplementary Methods (21).

Body mass index (BMI) was based on annual measured weight 
and height. Chronic health conditions included the sum of three 
self-reported vascular risk factors (hypertension, diabetes mel-
litus, and smoking) and sum of four self-reported vascular diseases 
(myocardial infarction, congestive heart failure, stroke, and clau-
dication) (21).

Apolipoprotein E (APOE) gene is the best known genetic risk 
factor for late onset Alzheimer’s disease (AD). It has three common 
alleles, ℇ2, ℇ3, and ℇ4. Each individual has two alleles and the most 
common combination is ℇ3/ℇ3 (62%). Prior work has shown that 
24% who are ℇ4 carriers (ℇ4/ℇ4 or ℇ3/ℇ4 or ℇ2/ℇ4) have about a 
twofold increased risk of AD dementia (22). APOE genotyping was 
performed at Polymorphic DNA Technologies (Alameda, CA) by in-
vestigators blinded to clinical and pathological data (22). We used 
these genotyping data to categorize individuals based on their APOE 
ℇ4 carrier status.

Statistical Analyses
Global parkinsonian scores were positively skewed, and these scores 
were square root transformed for these analyses, as we have done in 
prior publications (2). We used t-test to compare total daily physical 
activity between women and men. Pearson and Spearman correl-
ation was used to assess the association between total daily physical 
activity and other clinical covariates. Including participants without 
parkinsonism at baseline, we used a discrete-time Cox proportional 
hazard model, adjusted for age, sex, and education to determine 
whether total daily physical activity predicts incident parkinsonism. 
We repeated this model replacing total daily physical activity with 
intensity of daily activity. Next, we added diverse clinical covariates 
to this model to identify potential confounders.

To determine whether total daily physical activity at baseline is 
associated with the rate of change in the severity of parkinsonism 
during the study, we used a linear mixed-effects model. To assess the 
association of total daily physical activity across the full spectrum 
of parkinsonism, we included all individuals both those with and 
without parkinsonism who had repeated continuous annual meas-
ures for the severity of parkinsonism. Model included terms were 
time in years since baseline (providing an estimate for rate of change 
in severity of parkinsonism), baseline total daily physical activity, 
and a second term examining the interaction between time and total 
daily physical activity as well as six additional terms for age, sex, 
education, and their interaction with time. We repeated this model 
replacing total daily physical activity with intensity of daily activity. 
The analyses were done using SAS version 9.4.

Standard Protocol Approvals, Registrations, and 
Patient Consents
The study was approved by the Institutional Review Board of Rush 
University Medical Center. Written informed consent was obtained 
from all study participants.

Results

The clinical characteristics of 889 subjects included in this study are 
summarized in Table 1. Total daily physical activity ranged from 
0.2 × 105 to 13.6 × 105 activity counts per day (mean: 2.9 × 105; 
SD = 1.56 × 105). Total daily physical activity was inversely asso-
ciated with age (r = −.27, p < .001), but not education (r = −0.03, 
p  =  .417), and women had higher levels of physical activity 
(p =  .032). Intensity of daily physical activity ranged from 0.04 × 
105 to 0.68 × 105 activity counts/h/d (mean: 0.29 × 105, SD = 0.10 × 
105) and was positively correlated with total daily physical activity 
(r = .93, p < .001).

At baseline, diverse clinical covariates were related to both total 
daily physical activity and parkinsonism. Younger age, higher levels 
of social and physical activities, better cognition and motor perform-
ances, less depressive symptoms, and fewer vascular risk factors and 
diseases were associated with higher levels of total daily physical 
activities and less severe parkinsonism (Supplementary Table e-3). 
BMI was not related to total daily physical activity or the severity 
of parkinsonism, and education and ate-life cognitive activities were 
related to the parkinsonism score but not total daily physical activity 
(Supplementary Table e-3).

Total Daily Physical Activity and Incident 
Parkinsonism
To examine the association of physical activity with incident par-
kinsonism, we restricted our analyses to individuals without par-
kinsonism at baseline (n  =  682/889, 77%). During an average of 
4 years of follow-up (mean = 4.1, SD = 2.69), 233 of 682 (34%) 
participants developed parkinsonism. Average baseline level of total 
daily physical activity was higher in individuals who did not develop 
parkinsonism during this study (3.2 × 105 [SD = 1.57 × 105]) versus 
individuals who developed parkinsonism (2.8 × 105 [SD = 1.40 × 
105]) (Supplementary Figure e-3).

Using a Cox proportional hazards model which controlled for 
age, sex, and education, baseline total daily physical activity was 
associated with incident parkinsonism (Table 2, Model A). One 
standard deviation total daily physical activity (similar to activity 
estimated for 18 minutes of jogging at 4.5 miles/h or 66 minutes of 
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walking at 2.5 miles/h) was associated with a decrease in the risk of 
incident parkinsonism by 20%.

To contextualize the association of total daily physical activity with 
parkinsonism, we compared its parameter estimate (Table 2)with age’s 
(estimate = 0.081, SE = 0.012, p < .001): risk of parkinsonism in par-
ticipants who were active one standard deviation more than average 
in total daily physical activity was equivalent to being 3 years younger.

Figure 1 illustrates that a person with a high total daily physical 
activity (90th percentile; 4.9  × 105 activity count) had more than 
50% decreased risk of developing parkinsonism when compared 
with an individual with low total daily activity (10th percentile; 
1.3 × 105 activity count).

In a further analysis, we examined if the association of total daily 
physical activity with parkinsonism differed in men and women. We 
added a term for the interaction of sex with total daily physical ac-
tivity to our core model, and the interaction term was not signifi-
cant (p = .336), meaning that a higher level of total daily physical 
activity is associated with a lower risk for parkinsonism irrespective 
of individual’s sex.

Average baseline level of intensity of daily physical activity was 
higher in individuals who did not develop parkinsonism (0.31 × 105 
[SD = 0.10 × 105]) during this study versus individuals who devel-
oped parkinsonism (0.28 × 105 [SD = 0.09 × 105]; Supplementary 
Figure e-4). We repeated the Cox model described above and found 

one standard deviation intensity of daily physical activity was asso-
ciated with a decrease in the risk of incident parkinsonism by 35%.

Since motor performance vary and may affect the quantity of 
total daily physical activity and attenuate the association of total 
daily physical activity with parkinsonism, we controlled for global 
motor score which summarized 10 motor performances and was 
modestly associated with total daily physical activity (r =  .33, p < 
.001) (23). Adding a term for global motor score together with total 
daily physical activity and demographic variables, the association of 
total daily physical activity with parkinsonism was attenuated by 
nearly 40% (Table 2, Model B).

Higher levels of diverse late-life activities may be associated with 
slower motor decline using other motor phenotype (21). Adding 
terms for self-reported physical, social, and cognitive activities to 
the core model (Table 2, Model A) did not attenuate the association 
of total daily physical activity with incident parkinsonism (Table 2, 
Model C).

Chronic health conditions might confound the association of 
total daily physical activity and incident parkinsonism (2). The asso-
ciation of total daily physical activity was not attenuated in models 
controlling for BMI, the sum of vascular risk factors and sum of 
vascular diseases (Table 2, Model D).

Cognition and depression are related to incident parkinsonism 
and APOE ℇ4 genotype is related to late-life motor and cognitive 
impairments in older adults (6,24,25). Adding terms for global cog-
nition, depressive symptoms, and APOE ℇ4 status to the core model 
did not attenuate the association of total daily physical activity with 
parkinsonism (Table 2, Model E).

While individuals with dementia had a higher risk of developing 
parkinsonism, cognitive status did not attenuate the association be-
tween total daily physical activity and parkinsonism (Table 2, Model 
F). In a further model which included an interaction term, the asso-
ciation of total daily physical activity and incident parkinsonism did 
not vary in older adults with or without dementia (total daily phys-
ical activity × dementia: Est 0.430, SE = 0.391, p = .272).

In a single model which included all the nonmotor covariates to-
gether, the association of total daily physical activity was attenuated 
by 35% but remained associated with incident parkinsonism (Table 
2, Model G).

In a final model, we added a term for global motor score to-
gether with all the other clinical covariates and the association of 
total daily physical activity was attenuated by about 60% and was 
no longer associated with incident parkinsonism (Table 2, Model H). 
Global motor score alone (Model B) and together with all the other 
covariates (Model H) most strongly attenuates the association be-
tween total daily physical activity and incident parkinsonism. These 
results suggest that motor performance may link the association of 
total daily physical activity with incident parkinsonism as observed 
in a previous study (2).

Total Daily Physical Activity and Progression of 
Parkinsonism
To ensure that our results are not due to the cutoff employed for cat-
egorizing parkinsonism, we examined the association of total daily 
physical activity with the annual rate of change in the severity of par-
kinsonism using a previously validated continuous measure available 
in 889 participants (Supplementary Methods). Global parkinsonian 
scores ranged from 0 to 33.0, with an average of 7.1 (SD = 6.55), 
with a higher level indicating more severe parkinsonism.

We employed a linear mixed-effects model to examine associ-
ation of total daily physical activity with the annual rate of change in 

Table 1.  Clinical Characteristics of Participants at Baseline (n = 889)

Variable Mean (SD) or n (%)

Age, y 81.5 (7.39)
Female 678 (76.3)
Caucasian 856 (96.4)
Years of education 14.9 (2.90)
Global cognition 0.1 (0.62)
Global motor score (standardized metric) 1.0 (0.23)
Body mass index (kg/m2) 27.0 (5.22)
Self-report physical activity (h/week) 3.5 (3.67)
Self-report cognitive activity (score 1–5) 3.2 (0.63)
Self-report social activity (score 1–5) 2.6 (0.61)
Depressive symptoms (score 0–10) 1.0 (1.56)
APOE ℇ4 196 (23.6)
Number of 3 vascular risk factors (0–3) 1.1 (0.81)
 Hypertension 500 (56.2)
 Diabetes mellitus 127 (14.3)
 Smoking 367 (41.5)
Number of 4 vascular diseases (0–4) 0.4 (0.71)
 Myocardial infarction 101 (11.4)
 Congestive heart failure 43 (5.2)
 Claudication 95 (10.7)
 Stroke 101 (12.6)

Notes: Global motor score is a composite measure summarizing 10 motor 
performance tests with higher scores showing stronger or faster motor per-
formances (like grip strength or walking speed). Cognition is a composite 
measure summarizing 19 cognitive tests. Participants reported number of min-
utes of engagement in physical activities in the last 2 weeks (self-report phys-
ical activity) and rated frequency of involvement in social (self-report social ac-
tivity) and cognitive (self-report cognitive activity) activities in the last 1 year 
(Supplementary Methods). Depressive symptoms were assessed by 10-items 
version of the Center for Epidemiological Studies Depression (CES-D) scale; 
higher scores denote more symptoms. Number of three vascular risk factors 
variable, ie, hypertension, diabetes mellitus, and smoking, has a range from 0 
to 3 and higher scores indicate higher vascular risk burden. Likewise, number 
of four vascular diseases has a range from 0 to 4 and higher scores indicate 
greater vascular disease burden.
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the global parkinsonian score controlling for age, sex, and education 
and their interaction with time. During about 6 years of follow-up 
(mean = 5.8; SD = 2.96), on average, the severity of parkinsonism 
increased in the average participant by 0.4 (6% of the baseline level 
of parkinsonism)/year (Table 3, Model A). A  higher level of total 
daily physical activity was associated with less severe parkinsonism 
at baseline (Table 3, Model A) and was also associated with a slower 
rate of progressive parkinsonism during the study (Table 3, Model 
A). Similar findings were observed when repeated these models using 
intensity of daily physical activity instead of the total quantity of 
total daily physical activity (Table 3, Model B).

In further analyses, we added an additional interaction term and 
found that the association of total daily physical activity or intensity 
of daily physical activity with the progression of parkinsonism was 
similar in men and women (data not shown).

Figure 2 illustrates the trajectories of the progression of par-
kinsonism during the study for two similar average participants 
(82 years old females with 15 years of education) one had a high 
level (90th percentile; 4.7  × 105 activity count) versus the second 
who had a low level (10th percentile; 1.0 × 105 activity count) of 
total daily physical activity. The rate of progression was 40% slower 
in the individual with a higher level of baseline total daily physical 
activity.

Next, we repeated the linear model described above and added 
the same covariates described above for the Cox models to deter-
mine which covariates attenuated the association of total daily 
physical activity with progressive parkinsonism. The association 
of higher levels of total daily physical activity with slower pro-
gressive parkinsonism was unchanged when adding terms for self-
reported late-life activities (physical, social, and cognitive), chronic 
health conditions (BMI, vascular risk factors, and diseases), de-
pressive symptoms, APOE ℇ4 and dementia status (Table 4,  
Models C–G). Addition of the global motor score to the core 
mixed model attenuated the association between higher levels of 

Figure 1. Total daily physical activity and incident parkinsonism in participants 
without parkinsonism at baseline (n = 682). Cumulative hazard of the risk of 
parkinsonism in two average participants (women aged 82 with 15 years of 
education) with low (10th percentile; 1.3 × 105 activity count) vs high levels 
(90th percentile; 4.9 × 105 activity count) of total daily physical activity.
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total daily physical activity with slower parkinsonism progression 
(Table 4, Models B and H). The effects of these covariates on the 
linear mixed-effect models were similar to the results obtained 
above for the Cox models. In contrast, global cognition attenuated 
the association in the mixed models (Table 4, Models E and H),  
but not in the Cox models (Table 2, Models E and H). So, these 
results suggest that motor performance and probably cognition 
may link the association of total daily physical activity with the 
development and progression of parkinsonism, as observed in a 
previous study (2).

In a sensitivity analysis, we repeated the previous model (Table 
3, Model C) excluding individuals with parkinsonism at baseline 
(N  =  207), and including only individuals without parkinsonism 
(N = 682). Our results showed that the average participant showed 
progression of parkinsonism by about 3% of the baseline level of 
parkinsonism/y (Table 3, Model C), and higher levels of total daily 
physical activity (Table 3, Model C) or its intensity (Table 3, Model 
D) was associated with slower rate of parkinsonism progression.

While no participants had a clinical diagnosis of PD or were re-
ceiving neuroleptic medications at baseline, 55 were diagnosed with 
PD or received neuroleptic medications during an average of 6 years 
of follow-up. In a further sensitivity analysis we excluded these 55 
participants and repeated our primary models (Table 2, Model A; 
Table 3, Model A). A higher level of total daily physical activity re-
mained associated with a lower risk for the parkinsonism and associ-
ated with a slower rate of parkinsonism progression (data not shown).

Discussion

In a study of nearly 900 community-dwelling older adults without 
parkinsonism, a more active lifestyle, based on metrics derived from 
continuous recordings of physical activity with an activity monitor, 

was associated with a reduced risk of developing parkinsonism and a 
slower rate of its annual progression. An active lifestyle remained as-
sociated with incident parkinsonism when controlling for individual 
differences in diverse health covariates. These results lend support 
for public health efforts to promote a more active lifestyle to prevent 
or slow the progression of late-life motor impairment in older adults. 
Yet, further work is needed to determine the mechanisms underlying 
the potential motor benefits of a more active lifestyle.

World population is aging. In 2015, 8.5% of the world popula-
tion were older than 65 and by 2050, that figure is estimated to rise 
to 16.7% for the world and to more than 20% for the United States 
(26). Parkinsonism is common among elderly people, up to 50% or 
more of adults older than 85 years old (1,27). Furthermore, parkin-
sonism is associated with a more rapid rate of cognitive decline (28), 
increased risk of dementia (29), disability (1), and death (1,30). Since 
the cause of parkinsonism in many older adults is unclear, treat-
ments are lacking for most cases. In the absence of specific therapies, 
identifying modifiable risk factors that may decrease the burden of 
parkinsonism in our aging population is therefore a health priority.

Prior studies in this cohort have suggested that self-reported late-
life physical, cognitive, and social activity are related to incident par-
kinsonism and other motor constructs, but these associations were 
attenuated when other clinical covariates were included together in 
the same models (2). To circumvent the limitations of self-reported 
instruments, the current study employed activity monitors to obtain 
continuous recordings of all physical activity for up to ten days in 
the community setting. In contrast to our prior study, the current 
analyses found that an objective metric for total daily physical ac-
tivity was independently associated with incident parkinsonism 
when controlling for other diverse clinical covariates.

Parkinsonism is one of several motor constructs employed by 
investigators to assess late-life motor impairment. Parkinsonism fo-
cuses on specific motor signs including impairment in gait, balance, 
rigidity, bradykinesia, and tremor whereas other constructs like 
sarcopenia focus on muscle strength and bulk (31). In fact, motor 
impairment in older adults affects diverse motor performances, 
including gait, balance and dexterity, muscle mass, and strength 
(32,33). Since movement is a volitional activity an individual with 
good motor performance may decide not to move and someone with 
poor performance may move a lot, which is why metrics of motor 
performance and the quantity of daily movement are only modestly 
related. So, the assessment of the quantity of total activity during 
daily living can only be obtained by testing in the community setting. 
If our conceptualization is correct, the current findings suggest that a 
more active lifestyle may decrease the progression of decline in other 
motor constructs such as sarcopenia or physical frailty (34,35).

The mechanism by which a more active lifestyle is linked with 
reduced parkinsonism in older adults is unclear. Parkinsonism in 
older adults is a heterogeneous group of disorders with diverse 
etiologies such as medications and age-related brain pathologies, 
including AD, PD, Lewy bodies (LBs), and cerebrovascular patholo-
gies (36). White matter hyperintensity (WMH) burden observed in 
brain MRI imaging has been reported to be higher in people with 
mild parkinsonian signs than in people without (37). It is possible 
that physical activity is associated with a lower risk for parkin-
sonism through its effect on improving motor performances and/
or cognition (2). This is supported in part by the fact that in models 
which examined other health covariates alone, the attenuation of 
the association of total daily physical activity and parkinsonism was 
greatest when we added a term for motor performance or global 

Figure 2. Total daily physical activity and the progression of parkinsonism 
(n = 889). A model-based figure contrasting the trajectory of the annual rate 
of change in parkinsonism for two average participants (women 82 years old 
with 15 years of education) with low (10th percentile; 1.0 × 105 activity count) 
and high (90th percentile; 4.7 × 105 activity count) levels of total daily physical 
activity.
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cognition alone (Table 2; Table 4, Model B) and total daily physical 
activity was no longer associated with incident parkinsonism when 
we added terms for motor performance and cognition to all the 
other covariates (Table 2, Model H). The interrelationship between 
the total daily physical activity and motor performance is complex 
and may include bidirectional causal and recursive pathways. Thus, 
it possible for the lower levels of physical activity to be due to lower 
levels of motor performance with the latter also driving the pro-
gression of parkinsonism. Careful intervention studies in human 
and studies in model organisms will be needed to elucidate these 
complex relationships. Another possibility is that higher levels of 
physical activity may modify the adverse effects of brain patholo-
gies, reducing the severity of parkinsonism. Prior studies with other 
motor constructs suggest that higher levels of physical activity may 
provide motor reserve and modify the untoward effects of WMH 
and cerebrovascular pathologies (23). However, recent work in this 
cohort with several other risk factors suggest that some modifiable 
risk factors are unrelated to AD and related pathologies and af-
fect clinical phenotypes altogether via as yet unidentified molecular 
mechanisms which do not have known pathological footprints or 
which have a more direct association with structural brain indices 
that promote better function (38). Indeed, studies have shown aged 
rats to have abnormal activation of oxidative and inflammatory 
processes, like renin–angiotensin system and RhoA/Rho Kinase 
pathway, making them susceptible for neurodegeneration (39,40). 
And, exercise like treadmill running could decrease markers of these 
neuroinflammatory and oxidative processes (39,40). Currently, 
studies are lacking which have examined the inter-relationship be-
tween total daily physical activity, brain pathologies and parkin-
sonism and are vital to fill some of these knowledge gaps about 
the potential mechanisms underlying the benefits of a more active 
lifestyle on parkinsonism in older adults.

The study has several strengths. We examined a large number 
of community-dwelling older adults who may be more represen-
tative of the general population than patients referred to neuro-
logical clinics, as in other studies. The follow-up rate exceeds 90%, 
and a uniform clinical procedure including a modified UPDRS 
and objective metrics of motor performance and total daily phys-
ical activity and a wide range of diverse clinical covariates were 
employed.

There are also a number of limitations. The cohort is selected, 
three quarters of the sample was comprised of women and 96% 
were Caucasian, underscoring the need to replicate our findings 
in a more general population. While we excluded cases with a 
history of PD who had received l-dopa, participants were not 
examined by a movement disorder specialist so it is possible 
that some may have had early PD. The relationship between the 
quantity of total daily physical activity, motor performance, and 
parkinsonism is complex and is likely to include both causal 
and recursive pathways which cannot be determined using ob-
servational data alone and will require intervention studies and 
studies in model organisms. And, although the qualitative clin-
ical assessment of parkinsonian signs employed in this study is 
a robust predictor of adverse health outcomes, these signs lack 
specificity as many different etiologies may contribute to their 
development.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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