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a b s t r a c t

Introduction: While regular exercise has been shown to alleviate the motor symptoms of Parkinson's
disease (PD), it remains unclear whether a physically active lifestyle may prevent PD.
Methods: To examine physical activities across the lifespan and risk of PD, we relied on data from a
population-based case-control study that enrolled 357 incident PD cases and 341 controls. We assessed
physical activity levels via self-report of (1) overall physical activity (PA) over 4 age periods; (2)
competitive sports; and (3) occupational histories.
Results: PD risks were lower comparing the overall PA highest quartile (moderate to vigorous activities
�180 metabolic equivalent task-hours/week (MET-h/wk)) with the lowest quartile (<47.8 MET-h/wk) in
age-period 18e24 years (adjusted odds ratio (OR) 0.64, 95% confidence interval (CI) 0.40e1.02), and 45
e64 years (OR 0.50, 95%CI 0.31e0.83) but not in age-period 25e44. Individuals who consistently
engaged in overall PA at high levels (before age 65 years) had a 51% lower PD risk than those with low
levels. Also, having participated in competitive sports prior to age 25 was inversely associated with PD
(OR 0.53, 95% CI 0.31e0.91 for high level versus never). There was no association for measures of
occupational physical activity though.
Conclusion: The long prodromal stage of PD makes it difficult to conclude whether insidious disease
leads to a reduction of physical activity years before motor symptom onset and PD diagnosis. However,
sports activities and high levels of overall PA in youth appear protective unless they are markers for
biologic or genetic factors that lower PD risk.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Parkinson's disease (PD) is characterized by progressive motor
and non-motor impairments leading to disability, a considerable
decline in health related quality of life, and a large financial and
caretaker burden in aging societies. Many clinical trials have shown
beneficial effects of exercise therapies in people with PD as sum-
marized in meta-analyses; for example, two recent meta-analyses
found that aerobic exercise or physical therapy improved motor
scores based on the Unified Parkinson's disease rating scale
(UPDRS), as well as balance and gait comparedwith no intervention
[1,2]. Even though there is some evidence from animal experiments

and PD intervention studies that intensive physical exercise in-
duces neuroplasticity in the nigrostriatal dopaminergic system
[3e6], less is known about the role lifetime physical activity may
play for PD risk.

Some cohort studies (Supplementary Table 1) have suggested
that those physically inactive or reporting prolonged daily TV
viewing are more likely to develop PD [7e12]. However, many of
these cohort studies relied on self-report of physical activity levels
or recorded activity patterns at baseline only [11,12], accrued small
numbers of incident PD cases or followed populations with a life-
style different from the general population [10,11]. In addition,
most previous studies focused on leisure time activities while only
two considered work related activities [8,10]. Activities at work and
during leisure time likely entail very different physical demands, in
terms of intensity, frequency and duration, and are known to affect
all-cause mortality and cardiovascular disease differently [13,14].
Our aim here is to examine whether the type and/or the timing of
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physical activity throughout adulthood affects risk of PD.

2. Methods

Data collection and procedures described in this study have
been approved by the University of California, Los Angeles (UCLA),
Institutional Review Board for human subjects, and written
informed consent has been obtained from all participants.

2.1. Study population

We conducted a population-based case-control study in largely
agricultural counties in Central California. Details of the study have
been provided elsewhere [15]. Briefly, we enrolled recently diag-
nosed PD patients (within 3 years of diagnosis) between 1998 and
2007, residing in Fresno, Kern, or Tulare counties, who at recruit-
ment had lived in California for 5 years or more. Potential cases and
controls were contacted by mail, by telephone, or both with eligi-
bility criteria including: (1) being at least 35 years of age; (2) not too
ill to participate; (3) currently living in one of the three designated
counties; (4) having lived in California for five years or more; and
(5) having PD for cases.

Of the 1167 PD patients who responded to invitations, we
excluded 604 who had their initial PD diagnosis 3 years prior to
contact or did not fulfill the above inclusion criteria. Of the 563
eligible cases, 90were too ill to be examined, moved or died prior to
exam. The remaining eligible cases were examined by movement
disorder specialists from UCLA to confirm PD diagnoses while 94
did not meet published criteria for idiopathic PD [16], an additional
13 were reclassified as not having idiopathic PD during our follow-
up study [17], and 6 withdrew between examination and interview.
Of the remaining 360 cases, 357 provided complete information on
physical activity.

Population controls 65 years or older were first identified from
Medicare lists (in 2001). Later, due to implementation of the Health
Insurance Portability and Accountability Act (HIPPA), we recruited
around 70% of controls of all ages from residential parcel tax
assessor records in the tri-county area. Of the 1212 potential con-
trols, 457 were ineligible, and 409 declined participation due to
illness or moving; a total of 341 individuals provided complete
information on physical activity.

2.2. Assessment of physical activity

Trained interviewers blinded to case/control status conducted
structured telephone interviews to obtain demographic and phys-
ical activity information, including self-report of (1) overall physical
activity level across four age periods; (2) history of participation in
competitive sports; and (3) occupational histories to create a job
exposure matrix (JEM) and estimate occupational physical activity.

2.2.1. Overall physical activity
Participants were asked to report average number of days per

week and average number of hours per day during which they
performed mild, moderate, or vigorous physical activity at work
and leisure time, during 4 periods of adulthood: 18e24, 25e44,
45e64, and �65 years. Definitions and examples for intensity of
activities were provided during interview. To account for both the
effects of duration and intensity, we assigned metabolic-equivalent
(MET) values to the activity intensities (vigorous activities as 8 and
moderate activities as 4) [18] and created a cumulative physical
activity measure d MET-hour per week (MET-h/wk) at each age
period. Previous studies suggested that only moderate to vigorous
activities were associated with PD risk and no effect was observed
for mild activities [7,8]; therefore we set “mild” activities to a MET

value of zero to maximize the specificity of the physical activity
measures.We also calculated the sum of theMET-hour perweek for
every year of adulthood before index date (PD onset in cases,
interview date in controls) and divided by the total number of adult
years to derive the average lifetime activity score.

2.2.2. Competitive sports history
If a participant reported ever having engaged in competitive

sports, we collected information about type of sports, and ages at
which they started and stopped. For every type of sport, a MET
value was assigned according to published standard equivalents
[19]. We then multiplied the MET value with the reported years for
each sport, and summed those to derive cumulative sports mea-
sures (MET-year).

2.2.3. Occupational history
Participants were asked to report job titles, tasks, companies,

industries, and duration (years) and frequency (hours per week) for
all jobs in which they had worked for 6-months or more
throughout their lifetime. We created a JEM to estimate occupa-
tional physical activity by coding information about jobs and in-
dustries based on the Integrated Public Use Microdata Series
(IPUMS-USA) 2000 Occupation Code System [20], and assigned
MET value to each job code [21]. We first multiplied the MET value
with the reported years in each job, and summed those to derive
cumulative occupational physical activity measures, and then
calculated an average lifetime score by dividing the cumulative
score by the total number of working years.

2.3. Statistical analyses

Logistic regression analysis were performed using SAS software
version 9.3 (SAS Institute, Inc., Cary, North Carolina), with adjust-
ment for age (continuous), gender, race (white, non-white), edu-
cation (<12 years, 12 years, >12 years), smoking status (never, past,
or current smoker), having a 1st degree family member with PD
(yes, no), residential pesticide exposures (ever or never exposed)
[22] and pesticide exposure estimates previously derived from a
JEM (never, low, median or high exposure) [23]. We reported odds
ratio (OR), 95% confidence intervals (95%CI), and p-values for trend
based on the median of each exposure category.

We categorized the physical activity scores into quartiles based
on the distribution of average lifetime MET scores in controls:
<47.8, 47.8e93.0, 93.0e180.0, �180.0 MET-h/wk. Participants who
never performed moderate and/or vigorous physical activities and
those who fell in the 1st quartile of the MET distribution were
considered less active and formed our reference group. Further-
more, we examined whether changes in overall physical activity
over lifetime until age 64 were associated with PD risk. For each age
period, participants were categorized as having high or low activity
based on the overall median (93.0 MET-h/wk). We compared those
who reported a consistently high activity, and those who reported
either low-high or high-low trajectories to those who reported
consistently low activity throughout life. For occupational physical
activity measures, we categorized cumulative (MET-year) and
average (MET) scores into quartiles based on the control distribu-
tion in each age period, and for cumulative sport activity scores, we
considered those who never participated in any strenuous sport as
reference and examined age periods specific tertiles (MET-year).
We also included all three measures in the same model to mutually
adjust for the different types of activity.

In sensitivity analyses we stratified by gender or excluded sub-
jects with a PD diagnosis prior to age 60. Examining occupational
physical activity, we also excluded participants with high occupa-
tional pesticide exposures, because we previously found pesticide
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exposure to contribute to PD risk in this population [23]. To assess
the potential influence of preclinical changes in physical activity
due to insidious disease onset, we used exposure lagging and dis-
counted activities within 10-years or 20-years prior to the index
date for cumulative measures.

3. Results

Study participants were in average 68 years of age at eligibility
screen and predominantly white (Table 1). Cases were more
frequently male, less highly educated, never smokers, and resi-
dentially and occupationally more heavily exposed to pesticides.
The mean score on the Hoehn and Yahr scale was 2.10 (range 1e5)
at baseline (mean PD duration: 1.71 ± 1.18 years).

Higher levels of self-reported lifetime physical activity were
inversely associated with PD risks (Table 2). Specifically, we found a
44% (OR 0.56, 95% CI ¼ 0.34e0.92) lower risk of PD among those
with moderate to vigorous physical activity of at least 180 MET-
hours per week on average in adulthood compared with the less
active reference group (<47.8 MET-h/wk). Similar results were
obtained for all age periods except for activity during 25e44 years
of age. Examining the influence of changes in physical activity from
youth to later adulthood, those who remained highly active
throughout their lifetime were at the lowest risk of PD (OR ¼ 0.49,
95%CI 0.32e0.76), followed by those with a high-low or a low-high
trajectory, compared with those who were consistently less active
(Fig. 1).

Having participated in competitive sports was inversely asso-
ciated with PD risk (Table 3, Supplementary Table 2). Compared
with individuals who never participated in competitive sports, for
those who reported a high sports activity level prior to 25 years of
age, we estimated a 47% lower risk of PD (OR 0.53, 95%CI 0.31e0.91;
p for trend ¼ 0.04). Cumulative or average scores for occupational
physical activity were not associated with PD risk (Table 3).

In sensitivity analyses, no apparent gender specific effect was
found for overall physical activity or competitive sports measures,
and higher levels of occupational physical activity did not reduce
PD risk overall or in males only (Supplementary Table 3). Results
from lagged analyses that excluded physical activity 10-years or 20-
years prior to PD diagnosis (Supplementary Table 4) for cumulative
measures were similar to unlagged estimates. Excluding partici-
pants with high occupational pesticide exposure (Supplementary
Table 5) or excluding PD cases diagnosed prior to age 60 also did
not substantially change all physical activity estimates (results not
shown).

4. Discussion

In this population-based case-control study, we examined three
different measures of physical activity and found that higher life-
time moderate to vigorous activity, especially consistently high
level of such activities throughout adulthood, reduced the risk of
developing PD. Controls who did not developed PD had more often
engaged in strenuous competitive sports in their youth. However,
occupational physical activity did not influence PD risk.

Our findings agree with a meta-analysis of five prospective
studies reporting that being physically active reduces PD risk with a
34% lower risk estimated for the highest versus the lowest activity
levels [10]. Some of these studies, however, only examined leisure
time physical activity at baseline (between age 50e60) [7,9,24], and
did not account for other types of physical activity (e.g. occupa-
tional, household and commuting activities). A Swedish study [10],
reported an inverse association with PD risk for the sum of
household, commuting and leisure time exercise and total physical
activity, but no associations for occupational activity or leisure time
exercise when analyzed separately. Similarly, our overall physical
activity measure included activities at work and leisure time, and
higher activities according to this overall measure were inversely
associated with PD risk. Our occupational measure covered all
lifetime job-related activities and considered intensity and dura-
tion while the Swedish study only asked about job intensity in the
past year [10]. Both studies do not support a protective role for
occupational activities. Interestingly, the lack of beneficial effects
for job-related physical activity in cardiovascular disease and all-
cause mortality [13,14] has recently been coined the ‘health
paradox’ of physical activity [25].

We collected physical activity data according to age periods, and
found inverse association with PD in all except the 25e44 year
period. Careers and child rearing demands may restrict leisure time
or sports activities in this period such that occupational activity
may be the main activity to overall physical activity. The only other
paper [8] that examined physical activity during several age periods
reported only on leisure time activity and reported inverse asso-
ciations with PD during 35e39 years and 50e60 years of age but
not in young adulthood (ages 15e29). Yet, our evaluation of activity
trajectories throughout adulthood is consistent with this study's
findings suggesting that individuals who remain highly active
throughout life are at lowest risk of PD [8].

Similar to previous study, we cannot dismiss the possibility of
reverse causation because decreasing physical activity before dis-
ease onset might be a prodromal PD symptom. However, our esti-
mates did not substantially change after excluding physical activity

Table 1
Sociodemographic characteristics of the study population in Central Valley of Cali-
fornia, 2001e2007.

PD cases Controls

N ¼ 357 % N ¼ 341 %

Mean age (years) [SD] 68.29 ±10.22 68.20 ±11.42
Gender
Male 205 57 176 52
Female 152 43 165 48

Race
White 287 80 279 82
Non-white 70 20 62 18

Education
< 12 years 66 18 38 11
12 years 96 27 64 19
> 12 years 195 55 239 70

Cigarette smoking status
Never 187 52 146 43
Former 150 42 161 47
Current 20 6 34 10

PD Family History
Yes 52 15 37 11
No 305 85 281 82

Residential pesticide exposure
Dithiocarbamates
Never 198 55 228 67
Ever 159 46 113 33

Organochlorines
Never 148 41 159 47
Ever 209 59 182 53

Organophosphorus
Never 60 17 83 24
Ever 297 83 258 76

Paraquat
Never 128 36 139 41
Ever 229 64 202 59

Occupational Pesticide exposure
None 227 64 242 71
Low 23 6 25 7
Medium 56 16 47 14
High 51 14 27 8
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reported during 10- or 20-years before diagnosis. We also found
that those who were consistently active throughout life or active in
at least one of the age periods were at lower risk of PD, compared

with those maintaining low physical activity levels throughout life.
This suggests that staying or becoming active in adulthood may
protect against PD. Further, the protective associations found for

Table 2
Multivariable-adjusted odds ratios (aOR) with 95% confidence intervals (CI) and p-for-trend for Parkinson's disease (PD) risk by four age periods of self-reported overall
moderate to vigorous physical activity.a

Overall physical activity [MET-hour/week]b PD/Control aOR 95%CI P-for-trendc

Lifetime Average
<47.8 107/84 1 (Reference)
47.8e93.0 75/79 0.68 0.43e1.07
93.0e180.0 73/79 0.68 0.43e1.07
�180.0 81/78 0.56 0.34e0.92 0.05

18e24 years
<47.8 86/68 1 (Reference)
47.8e93.0 82/69 1.00 0.62e1.62
93.0e180.0 63/79 0.64 0.39e1.05
�180.0 105/104 0.64 0.40e1.02 0.03

25e44 years
<47.8 111/93 1 (Reference)
47.8e93.0 67/73 0.78 0.49e1.22
93.0e180.0 53/62 0.73 0.45e1.19
�180.0 105/92 0.82 0.53e1.28 0.33

45e64 years
<47.8 136/112 1 (Reference)
47.8e93.0 65/67 0.82 0.52e1.29
93.0e180.0 63/58 0.97 0.60e1.56
�180.0 65/72 0.50 0.31e0.83 0.01

�65 years
<47.8 145/112 1 (Reference)
47.8e93.0 51/48 0.89 0.54e1.46
93.0e180.0 24/35 0.50 0.27e0.92
�180.0 18/21 0.65 0.31e1.37 0.08

a Logistic regression models adjusted for age, gender, race, education, smoking, family history of PD, and residential and occupational pesticide exposures.
b Overall Physical Activity (MET-h/wk) ¼ 8 � vigorous activity hour/week þ 4 � moderate activity hour/week; quartiles according to the average lifetime physical activity

distribution in controls.
c Linear trend was tested using the midpoint of each exposure category as a continuous variable in the regression model.

a Left to right: 

Low-Low trajectory (reference group): low activity at 18-24, 25-44 and 45-64 age periods.

Low-High trajectory: low activity at 18-24, and high activity at either 25-44 or 45-64 or both age periods.

High-Low trajectory: high activity at 18-24, and low activity at either 25-44 or 45-64 or both age periods.

High-High trajectory: high activity at 18-24, 25-44 and 45-64 age periods.
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Fig. 1. Multivariable-adjusted odds ratios (OR) with 95% confidence intervals (CI) of Parkinson's disease (PD) according to changes of overall moderate to vigorous physical activities
before age 65. The analysis adjusted for age, gender, race, education, smoking, family history of PD, and residential and occupational pesticide exposures.
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high physical activity and sports activities in youth would not be
affected by reverse causation unless an active lifestyle depends on
genetic factors that also lower PD risk.

Physical activity may reduce the risk of PD by increasing cere-
brovascular circulation and improving the production of neuro-
transmitters, including neurotrophic substances [3,4]. In rodent
models of PD, animals forced to exercise before or after toxin
treatments had more remaining dopaminergic neurons and ter-
minals as well as less motor deficits than immobilized animals
[26,27]. Forced exercise was found to stimulate neurotrophic fac-
tors and downregulation of the dopamine transporter, which may
contribute to neuroplasticity and reduce vulnerability to neuro-
toxicants [3,4]. In early stages of PD, 8 weeks of high-intensity
treadmill training (MET �3 or 60e80% age-adjusted maximal
heart rate) has been shown to induce cortico-motor excitability and
an increase in dopamine D2 receptor binding potential in the dorsal
striatum, along with motor function improvement [5,6]. Alterna-
tively, high intensity exercise may induce elevations in plasma
urate [28], an anti-oxidant, and high urate levels have been asso-
ciated with lower PD risk and slower disease progression [29].

Compared with other studies, we measured physical activity
levels more comprehensively using multiple approaches. First, we
accounted for the twomost important sources of physical activitye

occupation and leisure time sports activity e by age periods. This
allowed us to evaluate the effect of changes in physical activity
levels, reflecting a life course perspective and possibly identify
periods of importance for interventions. Second, to over-come
some of the recall problems in our case-control design, we asked
participants to report their lifetime history of competitive sports
and job-related activities. Based on the latter, we created an

exposurematrix for which raters assigned physical activity levels to
job titles and tasks while blinded to case status. To our knowledge,
we are the first PD study that used a JEM to examine occupational
physical activity. Though the possibility exists that cases spent
more effort to recall details of their job histories, we found that the
reported number of occupations and work years was similar for
cases and controls [23].

Our study with nearly 360 PD cases enrolled a substantially
larger number of PD affected participants than most previous
studies [10,11,24,30]. Moreover, ours is the only epidemiologic
population-based study in which movement disorder specialists
examined 71% of patients multiple times over almost a decade to
confirm a diagnosis of idiopathic PD, minimizing disease misclas-
sification potential. PD ascertainment in prospective cohort studies
is generally based on self-reported PD diagnoses and medical re-
cords review that relies heavily on a patients' access to quality
health care [7,8,24,30]. PD diagnoses strongly depends on clinical
evaluations, thus diagnostic and reporting errors may be differen-
tial for those who are more health conscious and thus more
physically active.

The present study has several limitations. Our JEM approach
assumes that everyone with the same job title/tasks had a similar
level of physical activity and thus was given the same MET value.
This inevitably introduces non-differential misclassification errors
because of likely within-job variability. Moreover, female partici-
pants may simply report housewife/homemaker, and this category
is hard to judge in terms of physical activity. In our farming pop-
ulation, ‘housework’ may also be physically intensive for women
who engaged in farming or gardening but do not consider this a job
e these activities, however, would have been captured by our

Table 3
Multivariable-adjusted odds ratios (aOR) with 95% confidence intervals (CI) and p-for-trend for Parkinson's disease (PD) risk by competitive sports and occupational activity.a

Cumulative physical activity [MET-year]b PD/Control aOR 95%CI P-for-trendc

Competitive Sports
Lifetime
Never 184/160 1 (Reference)
<42 69/61 0.99 0.63e1.56
42-105 58/59 0.94 0.58e1.52
�105 40/58 0.62 0.37e1.04 0.06

18e24 years
Never 192/168 1
<40 63/59 0.97 0.61e1.52
40-91 66/56 1.06 0.67e1.70
>91 30/55 0.53 0.31e0.91 0.04

Occupational Activity
Lifetime
<56.7 89/85 1 (Reference)
56.7e89.3 69/86 0.76 0.47e1.22
89.3e130.8 86/84 0.85 0.51e1.43
�130.8 109/85 0.78 0.44e1.39 0.49

18e24 years
<12.0 122/113 1 (Reference)
12.0e22.5 70/76 0.92 0.60e1.43
22.0e37.6 66/74 0.76 0.47e1.21
�37.6 94/76 0.97 0.59e1.59 0.86

25e44 years
<30.7 90/102 1 (Reference)
30.7e50.0 94/83 1.46 0.92e2.33
50.0e65.8 62/75 0.87 0.52e1.46
�65.8 106/79 1.21 0.70e2.08 0.72

45e64 years
<22.5 121/126 1 (Reference)
22.5e36.5 71/68 0.97 0.61e1.55
36.5e52.5 69/73 0.86 0.53e1.39
�52.5 91/72 0.86 0.52e1.42 0.51

a Logistic regression models were adjusted for age, gender, race, education, smoking, family history of PD, and residential and occupational pesticide exposures.
b Competitive Sports ¼ sum of sport MET value � year of participation (MET-year); tertiles e age periods specific. Occupational Activity ¼ sum of job MET value � year of

participation (MET-year); quartiles e age periods specific.
c Linear trend was tested using the midpoint of each exposure category as a continuous variable in the regression model.
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overall physical activity measure. Furthermore, our study was
conducted in largely agricultural counties in Central California,
which may limit the generalizability of our findings. Given the high
correlation between active manual labor on farms and occupational
pesticide exposure, controlling for pesticide exposure was impor-
tant. Also, sensitivity analyses excluding participants with high
occupational pesticide exposure did not change our results for
occupational physical activity. An advantage of our rural study
population is that our study included a wide range of occupational
PA including physically demanding farm labor that should have
increased our ability to detect associations. Although non-
differential exposure misclassification remains a concern and may
have biased our results towards the null, our findings indicate that
the beneficial effects of overall physical activity and leisure time
sports activity are not observed for occupational physical activity in
this agricultural population.

In conclusion, we found that lifetime overall physical activity,
and participation in competitive sports during young ages were
negatively associated with PD risk, but found no beneficial role for
occupational physical activity. Our results provide further support
for a previous meta-analysis of 5 studies that concluded higher
leisure-time physical activity levels are associated with lower PD
risk [10].
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