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Abstract [ MOREONUINE

Objective ® Podcast
To investigate the relationship between physical activity and prodromal features of Parkinson Dr. Jason Crowell talks

disease that often precede the clinical diagnosis. with Dr. Alberto Ascherio
about his paper on physical

activity and prodromal

Methods

Included are participants in 2 well-established cohorts: the Nurses’ Health Study and the Health
Professionals Follow-up Study. Physical activity was assessed using validated questionnaires at
baseline (1986) and every 2 years until 2008. Prodromal features (e.g., constipation, hyposmia,
and probable REM sleep behavior disorder [pRBD]) were assessed in 2012-2014.

features of Parkinson
disease.

NPub.org/SjSnyl

Results

The multivariable-adjusted odds ratio (OR) for having >3 prodromal features vs none com-
paring the highest to the lowest quintile were 0.65 (95% confidence interval [CI] 0.53-0.79;
Prrend = 0.0006) for baseline physical activity and 0.52 (95% CI 0.35-0.76; pirena = 0.009) for
cumulative average physical activity. Considering each feature independently, baseline physical
activity was associated with lower odds of constipation (OR 0.78, 95% CI 0.73-0.83; pirend <
0.0001), excessive daytime sleepiness (OR 0.72, 95% CI 0.60-0.86; pirena = 0.002), depressive
symptoms (OR 0.82, 95% CI 0.69-0.97; pirena = 0.13), and bodily pain (OR 0.81, 95% CI
0.68-0.96; prrena = 0.03). Similar or stronger associations were observed for cumulative average
physical activity, which, in addition, was associated with pRBD (OR 0.85, 95% CI 0.77-0.95;
Prrend = 0.02). In contrast, neither hyposmia nor impaired color vision was associated with
physical activity. Early life physical activity was associated with constipation and, in men only,
with the co-occurrence of >3 features.

Conclusions

The reduced prevalence of prodromal features associated with Parkinson disease in older
individuals who were more physically active in midlife and beyond is consistent with the
hypothesis that high levels of physical activity may reduce risk of Parkinson disease.
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Glossary

CI = confidence interval; HPFS = Health Professionals Follow-up; MET = metabolic equivalent of task; mph = miles per hour;
NHS = Nurses” Health Study; OR = odds ratio; PD = Parkinson disease; pRBD = probable REM behavior sleep disorder;
RBD = REM sleep behavior disorder; SF-36 = 36-item Short-Form Health Survey.

Individuals who are more physically active are less likely to
develop Parkinson disease (PD).'™ Even physical activity
during high school and college' or at age 35-39* appears to
predict PD risk at old ages, a result consistent with a genuine
protective effect, the mechanisms of which remain uncertain.®
With the purpose of better understanding the relation be-
tween physical activity and PD, we investigated the relation
between physical activity and certain prodromal features that
often precede the clinical diagnosis. It is well-known that
clinical PD is preceded by a long prodromal period during
which individuals may experience nonmotor and subtle motor
signs before the onset of the classic motor features.” These
prodromal features are varied but can include hyposmia,
constipation, REM sleep behavior disorder (RBD), de-
pression, excessive daytime sleepiness, color vision impair-
ments, and bodily pain.sflo These features have been
associated with PD risk,'%™'® but it is their co-occurrence that

most clearly predicts a future PD diagnosis.17

We report how physical activity in early and later life relates
with prodromal features of PD, both individually and in
combination, among participants in 2 large cohorts of men and
women who were followed prospectively for over 25 years.

Methods

Population

Our study was conducted within 2 large cohort studies: the
Nurses’ Health Study (NHS) and the Health Professionals
Follow-up Study (HPFS). The NHS was established in 1976,
when 121,700 female registered nurses aged 30-SS years
living in the United States responded to a mailed question-
naire about their medical histories and health-related risk
factors; the HPFS was established in 1986, when 51,529 male
health professionals aged 4075 years responded to a similar
questionnaire. Follow-up questionnaires have been sent every
2 years to participants in both cohorts to collect updated
disease and exposure data. All participants without diagnosed
PD and under 85 years of age who completed the 2012
questionnaire and had nonmissing responses to the questions
assessing constipation and probable RBD (pRBD) (number
with missing constipation or pRBD data in NHS = 15,079 and
in HPFS = 4,153) are included in the current study for
analyses of constipation and pRBD (n = 46,272). However,
for cost reasons, olfactory testing and a supplemental ques-
tionnaire to assess other prodromal features of PD were sent
only to a subset comprising all men and women who screened
positive for either pRBD or constipation (n = 5,500 men and
n = 13,781 women) but only 23% of those with neither of
these features (n = 7,762; 2,853 men and 4,873 women,
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randomly selected). Overall, 18,121 PD-free participants
completed the olfactory assessment and supplemental ques-
tionnaire and are included in analyses including features other
than constipation or pRBD. We examined baseline clinical
and demographic variables among participants who provided
data on other prodromal features compared to all other co-
hort members; overall participants with measured data on
prodromal features were similar to all other participants (data
not shown).

Standard protocol approvals, registrations,
and patient consents

This study was approved by the Human Research Commit-
tees at the Brigham and Women’s Hospital and the Harvard
T. H. Chan School of Public Health.

Assessment of prodromal features

Methods for assessing prodromal features have been de-
scribed previously.'” Briefly, constipation was defined as
a bowel movement frequency of every other day or less or
laxative use at least twice a week as reported in the 2012
questionnaire. pRBD was also assessed in 2012, using an RBD
screening question from the validated Mayo Sleep Ques-
tionnaire (“Has your spouse [or sleep partner] told you that
you appear to ‘act out your dreams’ while sleeping [punched
or flailed arms in the air, shouted or screamed], which has
occurred at least 3 times?”)'® This question, without the
specification of dream enactment having occurred at least 3
times, was reported to have a sensitivity of 100% and a spec-
ificity of 95% for the diagnosis of polysomnography-
confirmed RBD in a community-based sample.'” The pres-
ence of hyposmia or other prodromal features was assessed in
2014 for HPFS and 2015 for NHS. Hyposmia was measured
using the Brief Smell Identification Test, a standardized,
forced choice test booklet containing 12 odorants, which
participants were asked to identify from a list of 4 possible
alternatives.”® An olfactory score was calculated as the sum of
correctly identified odors. Color discrimination was assessed
using a mailed version of the Roth color discrimination test,
which is an abridged version of the Farnsworth-Munsell
Test."”?' A color discrimination score was calculated by
summing the number of incorrectly matched color hues. Ex-
cessive daytime sleepiness was assessed using the Epworth
Sleepiness Scale.”” Depressive symptoms were assessed using
the Mental Health Inventory,”® which is a subscale of the 36-
item Short-Form Health Survey (SF-36). Bodily pain was also
assessed using questions from the SF-36. We calculated
a bodily pain score by summing the responses (0-6 and 0-5,
respectively) to the first 2 questions (“How much bodily pain
have you had during the past 4 weeks?” and “During the past 4
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weeks, how much did pain interfere with your normal work
(including both work outside the home and housework)?”,
and set the score to 0 for individuals who responded that the
pain was related to a recent injury or illness. For the olfactory,
color discrimination, pain, and depression scales, participants
were dichotomized as having the feature if their score was in
the bottom 10th cohort-specific percentile of scores of indi-
viduals who screened negative for pRBD and constipation.
Participants with a score of >10 on the Epworth Sleepiness
Scale were considered to have excessive daytime sleepiness.

Assessment of physical activity

Physical activity was measured in both cohorts for the first
time in 1986, and was updated every 2 years thereafter for
HPEFS, and every 2 years for NHS except for 1990, 2002, and
2006. At each measurement, participants reported the average
time per week (in 7 categories, from 0 to >11 hours) that they
spent during the previous year participating in specific activ-
ities, including walking or hiking outdoors; jogging (>10 min/
mile); running (<10 min/mile); bicycling; lap swimming;
tennis, squash, or racquetball; and calisthenics or other aer-
obic exercise. In addition, participants reported their usual
outdoor walking pace (easy [<2 miles per hour (mph)], av-
erage [2-2.9 mph], brisk [3-3.9 mph], very brisk [>4 mph])
and average flights of stairs walked daily (in categories, from
<2 to >15). Additional activities were included on subsequent
questionnaires, including lower intensity exercise (e.g., yoga,
stretching, or toning) and other vigorous activities (e.g., lawn
mowing) from 1992, and weight training from 2000 in NHS,
and heavy outdoor work (e.g, digging or chopping) from
1988, weightlifting from 1990, and moderate outdoor work
(e.g, yard work or gardening) from 2004 in HPFS. Each
specific activity was assigned a metabolic equivalent of task
(MET) value,”* and MET hours per week were derived by
multiplying the MET value for an activity by the average
number of hours per week reported by the participant. Total
physical activity was calculated by summing the MET hours
per week across all activities reported by the participant. Ac-
tivities assigned =6 MET's per hour were considered vigorous
(i.e., jogging, running, bicycling, lap swimming, tennis, squash,
racquetball, stair climbing, and calisthenics or other aerobic
exercise). Moderate activities (<6 METs per hour) included

walking or hiking outdoors, weight lifting, and heavy outdoor
work.?®

In addition, early life physical activity was retrospectively
assessed in HPFS in 1992 by asking participants to report
retrospectively how many months of the year they partici-
pated in strenuous physical activity at least twice per week
during high school, college, and between ages 30-40 (never,
1-3 mo/y, 4-6 mo/y, 7-9 mo/y, or 10~12 mo/y). In NHS,
participants were asked in 1988 how often they participated in
strenuous physical activity at least twice per week between the
ages of 18 and 22 (same categories).

Our physical activity questionnaire was validated by com-
parison with four 1-week physical activity diaries among 238
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randomly selected participants in the HPES. Correlations for
inactivity, vigorous activity, and total activity were 0.41, 0.8,
and 0.65, respectively. The correlation between vigorous ac-
tivity as assessed by the questionnaire and resting pulse rate
was —0.45.>° The validity of the physical activity assessments
is also indirectly supported by the fact that, in these cohorts,
individuals who reported higher levels of physical activity had
markedly reduced risk of coronary heart disease,”**” stroke,®

and total mortality.”*>°

Statistical analysis

In primary analyses, we used quintiles of MET h/wk reported
on the baseline questionnaire (1986) as the physical activity
exposure in order to minimize the possibility that prodromal
features or subclinical prodromal PD could affect exercise
behavior (i.e., reverse causality). We also conducted analyses
of quintiles of cumulative average MET h/wk, using all
available questionnaires from baseline (1986) through 2008,
in order to examine the association between long-term
physical activity and prodromal features. This approach also
reduces random variation in reported physical activity levels.
If a participant did not complete the 2008 questionnaire
(11.1% of men and 4.2% of women in this study population),
we carried forward their quintile assignment based on cu-
mulative average physical activity through the most recent
completed questionnaire. Among women with missing 2008
physical activity values, the median interval between last ob-
servation and 2008 was 4 years; in men, the median interval
was 2 years. In a sensitivity analysis, we adjusted for missing
questionnaire cycles using indicator variables. We also per-
formed analyses of physical activity during early life (high
school, college, and 30s in men and ages 18-22 in women;
categorized as never, 1-3 mo/y, 4-9 mo/y, 10~-12 mo/y). We
used multinomial logistic regression to assess associations
between physical activity and number of prodromal features
(1, 2, or =3 vs 0). Because the association between physical
activity and constipation may be due to a direct effect of
exercise on gastrointestinal motility, these analyses were
conducted with and without including constipation among
the features of interest. We also used age and multivariate-
adjusted logistic regression to estimate odds ratios (ORs) of
individual prodromal features according to level of physical
activity. Primary multivariate models were adjusted for age
(continuous), caffeine intake (quintiles), alcohol intake
(quintiles), total calorie intake (quintiles), body mass index
(<25, 25 to <30, 230 kg/m?), pack-years (<5, 5 to <10, 10 to
<18, 15 to <20, >20), and the Alternate Health Eating Index
(quintiles) as a measure of adherence to a healthy diet. Be-
cause only a subset of our study population was invited to
undergo olfactory testing and complete the supplementary
questionnaire, we used inverse-probability weighting for
analyses of all outcomes except pRBD and constipation to
weight participants by the inverse of their probability of being
selected to participate in secondary testing, conditional on
pRBD and constipation status. All p values reported are based
on 2-tailed statistical tests. All analyses were performed using
SAS statistical software (SAS Institute, Inc., Cary, NC).
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Data availability
Anonymized data will be shared by request from qualified
investigators.

Results

Characteristics of the study population are shown in table 1.
In both cohorts, individuals with higher physical activity levels
had lower body mass, were less likely to smoke, consumed less
caffeine, drank more alcohol, and had a healthier diet than less
active individuals.

Physical activity and combinations of
prodromal PD features

Baseline physical activity was associated with combinations of
prodromal features (figure 1). In pooled analyses, the
multivariate-adjusted OR for having >3 prodromal features vs
none comparing the highest quintile of physical activity to the
lowest was 0.65 (95% confidence interval [CI] 0.53-0.79;
Pirend = 0.0006) (figure 1B). This association was weaker
when constipation was not counted among the prodromal
features (figure 1, C and D). In addition, cumulative physical
activity was associated with prodromal features whether or
not constipation was included (figure 2). Results were almost
identical after additional adjustment for missing questionnaire
cycles using indicator variables. We also repeated analyses
considering physical activity on a continuous scale and found
similar results (data not shown). Physical activity during
college was also associated with having >3 prodromal features
in men (OR comparing extreme categories 0.77, 95% CI
0.57-1.05; Pirena = 0.03). Results were similar for physical
activity in high school (OR comparing extreme categories
0.80,95% CI0.59-1.07; pirena = 0.09) and during the 30s (OR
0.76, 95% CI 0.57-1.03; prrena = 0.26). However, number of
prodromal features was no longer associated with early life
physical activity when constipation was not included among
the features (data not shown). Among women, strenuous
activity at ages 18-22 was not associated with number of
prodromal features (OR comparing extreme categories 1.02,
95% CI 0.74-1.41; prreng = 0.70).

Physical activity and individual prodromal

PD features

Overall, individuals with the highest levels of physical activity
were less likely to have individual prodromal PD features,
with the notable exception of hyposmia (tables 2 and 3). A
strong association was found with constipation in both men
and women (table 2); the pooled multivariate-adjusted OR
comparing extreme quintiles of baseline physical activity was
0.78 (95% CI 0.73-0.83), and there was a clear dose-
response relationship (piena < 0.0001). Analyses of cumu-
lative average physical activity yielded even stronger associ-
ations (OR comparing extreme quintiles 0.71, 95% CI
0.66-0.77; Pirena < 0.0001). Baseline as well as cumulative
physical activity were also associated with lowered odds of
excessive daytime sleepiness, depressive symptoms, and
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bodily pain (table 2), whereas probable RBD was associated
with cumulative average physical activity, but not baseline
physical activity (table 3). In contrast, hyposmia was un-
associated with physical activity in both baseline and cumu-
lative average analyses. Overall, results were similar for
vigorous and moderate physical activity. Some differences in
the strengths of the associations were observed between men
and women, but only the test for trend heterogeneity be-
tween sexes for bodily pain in the cumulative average analysis
was significant.

In men, physical activity during early life (high school, college,
and during thirties) was associated with lower odds of con-
stipation in multivariate-adjusted analyses (pieng for all
<0.0001); no other features were significantly associated with
early life physical activity (results not shown). In women,
strenuous activity at ages 18-22 was associated with lower
odds of constipation (multivariate-adjusted OR comparing
extreme categories 0.72, 95% CI 0.64—0.81; pirend < 0.0001)
and depression (multivariate-adjusted OR comparing ex-
treme categories 0.80, 95% CI 0.59-1.08; piend = 0.001).
These associations remained after additional adjustment for
baseline physical activity (pirenq for all <0.01). Unexpectedly,
strenuous activity at ages 18-22 among women was associ-
ated with higher odds of hyposmia (multivariate-adjusted OR
comparing extreme categories 1.40, 95% CI 1.08-1.81; pirend
=0.007) and impaired color vision (multivariate-adjusted OR
comparing extreme categories 1.65, 95% CI 1.24-2.19; Piend
<0.0001).

Discussion

In this large investigation, we found that the odds of having 3
or more prodromal features that are often associated with PD
were about 35% lower among individuals in the highest
quintile of physical activity at baseline, and nearly 50% lower
among those individuals in the highest quintile of overall
physical activity during the follow-up. These odds are com-
parable to those relating physical activity to risk of PD, which
according to a recent meta-analysis was 34% lower among
individuals with the highest level of physical activity compared
to those in the lowest.” When individual prodromal symp-
toms were studied, participants with high levels of physical
activity at recruitment were less likely to have constipation,
excessive daytime sleepiness, depressive symptoms, and
bodily pain more than 2S5 years later. Further, those individ-
uals who maintained high levels of physical activity through-
out the follow-up were also less likely to have pRBD. In
contrast, we found no evidence that physical activity reduces
risk of hyposmia.

A potential weakness of our study is that prodromal features
were not assessed at baseline, thus it remains possible that, for
some participants, prodromal features were present at the
start of the study and could have affected their exercise pat-
terns. This is particularly relevant for depressive symptoms
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Table 1 Age-adjusted characteristics of the study population by baseline physical activity level

Q1 Q2 Q3 Q4 Q5
Health Professionals Follow-up Study n=3,552 n=3,539 n=3,610 n=3712 n=3,691
Activity, MET h/wk?® 1.0(0.8) 5.2(1.5) 12.0(2.5) 23.2(4.2) 58.4 (38.6)
Age, y® 47.8 (5.6) 47.9 (5.7) 47.7 (5.7) 47.7 (5.6) 47.4(5.5)
Body mass index, kg/m 25.9(3.5) 25.7(3.2) 25.1(2.8) 249(2.7) 246 (2.7)
Current smoker 10.5 8.4 6.7 5.5 4.8
Past smoker 38.0 36.7 39.2 41.5 38.9
Caucasian 96.0 96.3 96.3 96.8 96.4
Caffeine, mg/d 262.2 (247.7) 248.4 (236.7) 232.1(224.5) 226.8 (225.3) 219.1 (222.2)
Alcohol, g/d 9.7 (14.1) 10.2 (14.3) 10.5(13.5) 11.0(13.4) 11.5(14.2)
Adherence to the Alternate Healthy Eating Index, score 48.3(10.8) 50.2 (10.9) 52.9(11.1) 54.3(11.2) 55.5(11.5)
Probable RBD 12.0 12.6 11.9 12.5 12.2
Constipation 23.7 235 213 19.5 18.6
Hyposmia® 15.7 15.1 15.4 15.4 14.4
Impaired color vision® 10.6 9.2 10.1 10.3 9.4
Excessive daytime sleepiness® 25.6 214 20.8 19.5 19.9
Bodily pain® 16.1 15.2 15.8 13.9 13.6
Depressive symptoms*® 15.2 12.5 11.9 12.3 10.5
Nurses’ Health Study n=5327 n=5,837 n=5,579 n=5711 n=5714
Activity, MET h/wk 1.0 (0.6) 3.5(0.8) 8.0(1.7) 16.4 (3.4) 44.4 (30.6)
Age, y¢ 48.0 (5.1) 48.3(5.1) 48.3(5.1) 48.4(5.2) 48.3(5.2)
Body mass index, kg/m 25.6 (5.1) 25.2 (4.5) 24.8 (4.3) 24.3 (4.0) 23.8(3.8)
Current smoker 20.6 17.0 14.6 12.8 12.7
Past smoker 31.0 335 34.4 38.6 411
Caucasian 91.7 92.2 93.0 93.2 92.3
Caffeine, mg/d 313.4(232.6) 298.1 (228.0) 286.8 (222.5) 275.5(216.3) 272.8 (217.7)
Alcohol, g/d 5.4(10.3) 5.2(9.1) 5.8 (9.6) 6.0(9.7) 6.7 (10.0)
Adherence to the Alternate Healthy Eating Index, score 47.4 (10.5) 49.6 (10.4) 51.2(10.8) 52.8(10.8) 55.2(11.4)
Probable RBD 7.9 7.1 6.9 6.7 7.0
Constipation 38.6 36.6 344 34.6 324
Hyposmia® 20.7 19.4 19.8 20.5 19.8
Impaired color vision® 15.9 15.7 14.5 13.5 15.1
Excessive daytime sleepiness® 10.3 10.7 9.5 9.1 7.7
Bodily pain® 17.3 14.9 14.6 14.0 12.2
Depressive symptoms® 18.7 16.3 15.8 14.6 14.9

Abbreviations: MET = metabolic equivalent of task; RBD = REM sleep behavior disorder.

2 Metabolic equivalents from recreational and leisure-time activities.

¢Based on 6,371 participants in the Health Professionals Follow-up who completed secondary screening.
9Value is not age-adjusted.

¢ Based on 11,750 participants in the Nurses’ Health Study who completed secondary screening.

Values are means (SD) or percentages and are standardized to the age distribution of the study population.
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Figure 1 Pooled associations between baseline physical activity and presence of >3 prodromal signs
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(A) Age-adjusted association between baseline physical activity and presence of 23 vs 0 prodromal signs. (B) Multivariate-adjusted association between
baseline physical activity and presence of 23 vs 0 prodromal signs. (C) Age-adjusted association between baseline physical activity and presence of 23 vs
0 prodromal signs, excluding constipation. (D) Multivariate-adjusted association between baseline physical activity and presence of 23 vs 0 prodromal signs,

excluding constipation. OR = odds ratio.

and bodily pain, which have direct effects on physical activity
and, in the case of depressive symptoms, often onset at rela-
tively young ages. The associations between physical activity
and these variables could therefore be at least in part due to
reverse causation. There is also a possibility that early dopa-
minergic loss may have caused participants to exercise less,
either because subtle rigidity or bradykinesia made exercise
more difficult, or because of reduced responsivity of the
dopamine-based reward system. To affect our results, these
impairments would have to precede clinical PD by several
decades. We controlled for several potential confounders, but
as in any observational study, the possibility of unmeasured or
residual confounding cannot be excluded. Some degree of
measurement error in self-reported physical activity is in-
evitable; however, validation studies suggest that our
questionnaire-based measurement captures physical activity
reasonably well. In addition, all assessments were conducted
using self-administered tests and questionnaires, including
RBD, which ideally should be confirmed by poly-
somnography. Most participants in both cohorts are white,
which may limit generalizability to more diverse populations.
On the other hand, our study stands out because of the large
sample size and the prospective design with collection over
more than 2 decades of updated and detailed information on

Neurology | Volume 93, Number 23 | December 3, 2019

physical activity and potential confounding factors, using
rigorously designed and well-validated instruments.

The strongest association that we found was between physical
activity and intestinal constipation. Strikingly, even physical
activity during adolescence and early adult life (high school,
college, and at ages 30-39) was associated with a reduced
prevalence of constipation 30 and more years later. An asso-
ciation between physical activity and constipation was
reported in a previous investigation of women from the NHS
cohort.*! Further, shorter transit in the gastrointestinal tract
and increased stool frequency were reported during periods of
training in a small group of athletes,®* and, in a separate study,
randomization to a 12-week exercise program improved
constipation.>® Other studies, however, have reported con-
flicting results.**** The strong associations found in our study
in men and women, including for physical activity during early
life, provide solid support for an effect of physical activity on
the frequency of bowel movements, and suggest that such an
effect could contribute to the beneficial effects of physical
activity. Individuals with constipation have a markedly higher
PD risk,'” are more likely to have Lewy bodies at autopsy in
the locus ceruleus and substantia nigra,36 and have a lower
density of neurons in the substantia nigra.*” It remains
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Figure 2 Pooled associations between cumulative average physical activity and presence of >3 prodromal signs
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(A) Age-adjusted association between cumulative average physical activity and presence of 23 vs 0 prodromal signs. (B) Multivariate-adjusted association
between cumulative average physical activity and presence of 23 vs 0 prodromal signs. (C) Age-adjusted association between cumulative average physical
activity and presence of 23 vs 0 prodromal signs, excluding constipation. (D) Multivariate-adjusted association between cumulative average physical activity
and presence of >3 vs 0 prodromal signs, excluding constipation. OR = odds ratio.

uncertain, however, whether constipation is an early conse-
quence of PD, which is often accompanied by dopaminergic
neuron depletion in the colon and presence of Lewy bodies in
the myenteric plexus,**™*° or whether constipation itself may
trigger or accelerate the pathologic process, perhaps by af-
fecting the gut microbiome*' or otherwise promoting a-syn-
uclein deposition.*” The latter hypotheses are intriguing and
provide potential mechanisms by which physical activity may
reduce PD risk.

Besides constipation, physical activity at baseline was also
associated with reduced bodily pain, excessive daytime
sleepiness, and depressive symptoms in our study. A previous
study among over 2,400 community-based women found that
higher baseline physical activity levels were associated with
lower bodily pain over 3 years of follow-up,** and a cross-
sectional study found that leisure time physical activity was
associated with a 30% lower prevalence of excessive daytime
sleepiness.** The design of these studies meant that tempo-
rality was difficult to determine. The extended follow-up in
our study reduces the likelihood of reverse causation so that
our results suggest that individuals who are regularly active in
midlife are less likely to develop bodily pain and excessive
sleepiness during aging.

Neurology.org/N

An association between physical activity and depression or
depressive symptoms has been reported in several inves-
tigations, including the TREND study, which found baseline
physical activity was associated with lower depression scores
over 6 years of follow-up.*> The results of a recent meta-
analysis of prospective studies support the notion that physical
activity is associated with reduced risk of depression.*® Because
of the often insidious and recurring nature of depressive
symptoms, however, and the likely effect of these symptoms on
physical activity, reverse causation remains difficult to exclude.

Physical activity at baseline was not associated with other
prodromal features. In contrast, cumulative average physical
activity through 2008 was associated not only with con-
stipation, bodily pain, excessive daytime sleepiness, and de-
pressive symptoms, but also with pRBD. Previous results on
the association between physical activity and pRBD are in-
consistent. In a longitudinal study of over 600 adults over S0
years of age in Germany (TREND study), more physically
active participants were less likely to have RBD assessed via
a screening questionnaire at baseline, but not RBD assessed 6
years later.** In a cross-sectional study in a community-based
Chinese population, no association was found between
physical activity and pRBD.*” However, in a different cross-
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Table 2 Association between baseline physical activity and individual prodromal signs

Physical activity in MET h/wk (baseline)

Q1 Q2 Q3 Q4 Q5 Ptrend Pheterogeneity
Constipation
Women (n = 28,168)
Age-adjusted Ref 0.92 (0.85-0.99) 0.83(0.77-0.90) 0.83(0.77-0.90) 0.76 (0.70-0.82) <0.0001
Multivariate Ref 0.92 (0.86-1.00) 0.84 (0.78-0.91) 0.85 (0.79-0.92) 0.78 (0.72-0.84) <0.0001
Men (n = 18,094)
Age-adjusted Ref 0.98 (0.88-1.09) 0.87(0.78-0.97) 0.78 (0.70-0.88) 0.75(0.67-0.84) <0.0001
Multivariate Ref 0.99 (0.89-1.11) 0.90 (0.80-1.01) 0.82(0.73-0.92) 0.79 (0.70-0.89) <0.0001
Pooled
Multivariate Ref 0.95 (0.89-1.01) 0.86 (0.81-0.92) 0.84 (0.79-0.90) 0.78 (0.73-0.83) <0.0001 0.75
PRBD
Women (n = 28,168)
Age-adjusted Ref 0.91 (0.79-1.04) 0.87 (0.75-1.00) 0.84 (0.73-0.97) 0.88 (0.77-1.02) 0.21
Multivariate Ref  0.91(0.79-1.04) 0.87 (0.75-1.00) 0.84 (0.73-0.97) 0.88 (0.76-1.02) 0.24
Men (n = 18,094)
Age-adjusted Ref 1.05 (0.91-1.21) 0.99 (0.86-1.14) 1.04 (0.91-1.20) 1.02 (0.88-1.17) 0.95
Multivariate Ref 1.05(0.91-1.21) 0.99 (0.86-1.14) 1.05(0.91-1.21) 1.01 (0.88-1.17) 0.98
Pooled
Multivariate Ref 0.98 (0.84-1.13) 0.93 (0.82-1.05) 0.94 (0.76-1.16) 0.95 (0.82-1.09) 0.49 0.35
Hyposmia
Women (n = 11,750)
Age-adjusted Ref 0.90 (0.75-1.08) 0.92 (0.76-1.11) 0.97 (0.81-1.17) 0.94 (0.78-1.14) 0.98
Multivariate Ref 0.92 (0.76-1.10) 0.95 (0.79-1.15) 1.01 (0.84-1.22) 0.99 (0.82-1.20) 0.65
Men (n = 6,366)
Age-adjusted Ref 0.94 (0.71-1.24) 1.03 (0.78-1.35) 0.97 (0.73-1.27) 0.89 (0.67-1.18) 0.43
Multivariate Ref 0.96 (0.73-1.27) 1.07 (0.81-1.41) 1.01 (0.76-1.34) 0.94 (0.70-1.25) 0.64
Pooled
Multivariate Ref 0.93 (0.80-1.08) 0.99 (0.85-1.15) 1.01 (0.87-1.18) 0.97 (0.83-1.14) 0.96 0.52
Impaired color vision
Women (n =11,132)
Age-adjusted Ref 0.86 (0.70-1.06) 0.78 (0.63-0.97) 0.78 (0.63-0.97) 0.89 (0.72-1.10) 0.76
Multivariate Ref 0.90 (0.73-1.11) 0.85 (0.68-1.05) 0.86 (0.69-1.07) 0.98 (0.79-1.22) 0.65
Men (n = 6,060)
Age-adjusted Ref 0.67 (0.48-0.93) 1.06 (0.77-1.47) 0.92 (0.66-1.27) 0.81(0.58-1.13) 0.57
Multivariate Ref 0.68 (0.48-0.96) 1.13(0.81-1.56) 0.97 (0.69-1.34) 0.88 (0.62-1.24) 0.90
Pooled
Multivariate Ref 0.81 (0.62-1.06) 0.95 (0.72-1.25) 0.89 (0.74-1.07) 0.95 (0.79-1.14) 0.78 0.69
Continued
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Table 2 Association between baseline physical activity and individual prodromal signs (continued)

Physical activity in MET h/wk (baseline)

Q1 Q2 Q3 Q4 Q5 Prrend Pheterogeneity
Excessive daytime sleepiness
Women (n = 11,729)
Age-adjusted Ref 1.14 (0.90-1.44) 0.90 (0.70-1.16) 0.88 (0.69-1.12) 0.67 (0.52-0.87) 0.0001
Multivariate Ref 1.15(0.91-1.46) 0.94 (0.74-1.21) 0.94 (0.74-1.21) 0.73 (0.56-0.96) 0.002
Men (n = 6,355)
Age-adjusted Ref  0.80(0.63-1.00)  0.81(0.64-1.01)  0.71(0.56-0.89)  0.69 (0.54-0.87)  0.006
Multivariate Ref 0.79 (0.62-1.00) 0.84 (0.66-1.06) 0.77 (0.60-0.98) 0.71 (0.55-0.90) 0.02
Pooled
Multivariate Ref 0.95 (0.66-1.38) 0.89 (0.75-1.05) 0.85(0.69-1.04) 0.72 (0.60-0.86) 0.002 0.25
Depressive symptoms
Women (n =11,673)
Age-adjusted Ref 0.87 (0.72-1.06) 0.74 (0.61-0.90) 0.74 (0.61-0.90) 0.78 (0.64-0.95) 0.06
Multivariate Ref  0.90(0.74-1.09)  0.78(0.64-0.95)  0.79 (0.64-0.96)  0.81(0.66-1.00)  0.14
Men (n =6,311)
Age-adjusted Ref 0.80 (0.60-1.07) 0.80 (0.60-1.06) 0.86 (0.65-1.15) 0.76 (0.57-1.03) 0.24
Multivariate Ref 0.82 (0.62-1.10) 0.84 (0.63-1.13) 0.92 (0.68-1.23) 0.83(0.61-1.13) 0.53
Pooled
Multivariate Ref 0.87(0.75-1.03) 0.80 (0.67-0.94) 0.83(0.70-0.98) 0.82 (0.69-0.97) 0.13 0.61
Bodily pain
Women (n =11,611)
Age-adjusted Ref 0.83(0.68-1.02) 0.81 (0.66-0.99) 0.73 (0.60-0.89) 0.64 (0.51-0.79) 0.0001
Multivariate Ref 0.86 (0.71-1.06) 0.89 (0.72-1.09) 0.85 (0.69-1.05) 0.77 (0.61-0.96) 0.05
Men (n = 6,299)
Age-adjusted Ref  0.97 (0.74-1.27) 1.02(0.78-1.34)  0.83(0.63-1.10)  0.80(0.61-1.06)  0.05
Multivariate Ref 0.97 (0.74-1.28) 1.10 (0.84-1.45) 0.89 (0.67-1.19) 0.88 (0.66-1.17) 0.22
Pooled
Multivariate Ref 0.90 (0.76-1.06) 0.97 (0.79-1.19) 0.87(0.73-1.03) 0.81 (0.68-0.96) 0.03 0.57

Abbreviations: MET = metabolic equivalent of task; pRBD = probable REM behavior sleep disorder.

Quintile boundaries in the Health Professionals Follow-up cohort are as follows: Q1, <2.7 MET h/wk; Q2, 2.8-7.7 MET h/wk; Q3, 7.8-16.5 MET h/wk; Q4,
16.6-31.1 MET h/wk; Q5, 231.2 MET h/wk. Quintile boundaries in the Nurses’ Health Study cohort are as follows: Q1, <2.2 MET h /wk; Q2, 2.3-5.1 MET h/wk; Q3,

5.2-10.9 MET h/wk; Q4, 11.0-22.6 MET h/wk; Q5, 222.7 MET h/wk.

sectional study, also in China, lower physical activity levels
were associated with higher risk of having pRBD 6 years
later.*® Patients diagnosed with idiopathic RBD at sleep dis-
order clinics have a very high risk of developing a neurode-
generative disease, most commonly PD or Lewy body
dementia.*’ Although these patients are selected for having
severe disease and most likely do not represent the full
spectrum of RBD in the general population, the results of
these studies support the importance of RBD as a marker of
neurodegeneration. The association that we found with

Neurology.org/N

physical activity is thus consistent with the hypothesis that
physical activity may have neuroprotective effects.

A notable result of our study is the lack of association between
physical activity and hyposmia or impaired color vision. The
result on hyposmia is consistent with a previous report based
on relatives of patients with PD (Parkinson at Risk Study), in
which no association was found between recalled history of
vigorous physical activity and University of Pennsylvania Smell
Identification Test scores.’® Hyposmia is a nonspecific
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Table 3 Association between cumulative average physical activity and individual prodromal signs

Physical activity in MET h/wk (cumulative average)

Q1 Q2 Q3 Q4 Q5 Ptrend Pheterogeneity
Constipation
Women (n = 28,168)
Age-adjusted Ref 0.97 (0.89-1.04) 0.88 (0.82-0.96) 0.81(0.75-0.87) 0.71 (0.66-0.77) <0.0001
Multivariate Ref 0.97 (0.89-1.05) 0.90 (0.83-0.97) 0.82 (0.76-0.89) 0.73 (0.68-0.80) <0.0001
Men (n = 18,094)
Age-adjusted Ref 0.89 (0.80-0.99) 0.78 (0.70-0.87) 0.77 (0.69-0.86) 0.65 (0.58-0.72) <0.0001
Multivariate Ref 0.90 (0.81-1.00) 0.80 (0.71-0.89) 0.79 (0.71-0.89) 0.68 (0.60-0.76) <0.0001
Pooled
Multivariate Ref 0.94 (0.88-1.01) 0.85 (0.76-0.96) 0.81 (0.76-0.87) 0.71 (0.66-0.77) <0.0001 0.30
PRBD
Women (n = 28,168)
Age-adjusted Ref 0.88(0.77-1.02) 0.76 (0.66-0.88) 0.84 (0.73-0.96) 0.82(0.71-0.94) 0.03
Multivariate Ref  0.89(0.77-1.03) 0.78 (0.67-0.90) 0.86 (0.74-0.99) 0.85 (0.73-0.99) 0.17
Men (n = 18,094)
Age-adjusted Ref  0.94(0.82-1.08) 0.97 (0.84-1.11) 0.95 (0.83-1.08) 0.91 (0.79-1.04) 0.19
Multivariate Ref 0.93(0.81-1.06) 0.94 (0.82-1.07) 0.91 (0.79-1.04) 0.86 (0.74-0.99) 0.05
Pooled
Multivariate Ref 0.91 (0.82-1.00) 0.85(0.71-1.02) 0.88 (0.80-0.98) 0.85(0.77-0.95) 0.02 0.94
Hyposmia
Women (n = 11,750)
Age-adjusted Ref 1.10(0.91-1.32) 1.03 (0.85-1.24) 1.00 (0.83-1.21) 0.94 (0.78-1.14) 0.21
Multivariate Ref 1.11(0.91-1.34) 1.06 (0.87-1.28) 1.03 (0.85-1.25) 0.97 (0.79-1.19) 0.38
Men (n = 6,366)
Age-adjusted Ref 0.82(0.62-1.09) 0.92 (0.70-1.21) 0.71 (0.53-0.95) 0.86 (0.65-1.13) 0.27
Multivariate Ref 0.86 (0.65-1.14) 0.95(0.72-1.27) 0.73 (0.54-0.99) 0.88 (0.66-1.18) 0.34
Pooled
Multivariate Ref 1.00 (0.79-1.27) 1.02 (0.87-1.20) 0.89 (0.63-1.24) 0.94 (0.80-1.11) 0.20 0.96
Impaired color vision
Women (n =11,132)
Age-adjusted Ref 0.79 (0.64-0.98) 0.76 (0.62-0.94) 0.59 (0.48-0.73) 0.74 (0.60-0.91) 0.01
Multivariate Ref 0.82(0.67-1.02) 0.84 (0.68-1.04) 0.65 (0.52-0.81) 0.86 (0.68-1.07) 0.30
Men (n = 6,060)
Age-adjusted Ref 1.09 (0.79-1.51) 0.75(0.53-1.07) 0.88 (0.62-1.23) 0.89 (0.64-1.25) 0.35
Multivariate Ref 1.13(0.81-1.57) 0.80 (0.56-1.13) 0.94 (0.67-1.33) 0.98 (0.69-1.39) 0.72
Pooled
Multivariate Ref 0.94 (0.69-1.28) 0.83 (0.69-0.99) 0.76 (0.54-1.09) 0.89 (0.74-1.08) 0.32 0.65
Continued
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Table 3 Association between cumulative average physical activity and individual prodromal signs (continued)

Physical activity in MET h/wk (cumulative average)

Q1 Q2 Q3 Q4 Q5 Prrend Pheterogeneity
Excessive daytime sleepiness
Women (n = 11,729)
Age-adjusted Ref 0.85(0.67-1.08) 0.72 (0.56-0.92) 0.69 (0.54-0.88) 0.55(0.42-0.71) <0.0001
Multivariate Ref 0.91(0.71-1.16) 0.80 (0.62-1.02) 0.79 (0.62-1.02) 0.65 (0.49-0.86) 0.003
Men (n = 6,355)
Age-adjusted Ref  0.98(0.78-1.24)  0.82(0.65-1.04)  0.88(0.69-1.11)  0.84(0.67-1.07)  0.13
Multivariate Ref 1.00 (0.79-1.28) 0.82 (0.64-1.05) 0.87 (0.68-1.12) 0.81(0.63-1.04) 0.07
Pooled
Multivariate Ref 0.95 (0.80-1.13) 0.81 (0.68-0.96) 0.83(0.70-0.99) 0.73(0.59-0.91) 0.047 0.10
Depressive symptoms
Women (n =11,673)
Age-adjusted Ref 0.79 (0.65-0.96) 0.74 (0.61-0.89) 0.71 (0.59-0.87) 0.63(0.51-0.77) <0.0001
Multivariate Ref 0.79 (0.65-0.97) 0.76 (0.62-0.93) 0.72 (0.59-0.89) 0.64 (0.51-0.79) 0.0003
Men (n =6,311)
Age-adjusted Ref 0.90 (0.68-1.19) 0.75 (0.56-1.01) 0.70 (0.52-0.94) 0.71 (0.53-0.95) 0.01
Multivariate Ref 0.92 (0.69-1.22) 0.77 (0.57-1.04) 0.72 (0.53-0.98) 0.73 (0.53-1.00) 0.03
Pooled
Multivariate Ref 0.83(0.71-0.98) 0.76 (0.65-0.90) 0.72(0.61-0.86) 0.67 (0.56-0.80) <0.0001 0.32
Bodily pain
Women (n =11,611)
Age-adjusted Ref 0.80 (0.65-0.97) 0.64 (0.52-0.77) 0.58 (0.47-0.71) 0.43 (0.35-0.54) <0.0001
Multivariate Ref 0.87 (0.71-1.06) 0.74 (0.60-0.91) 0.70 (0.56-0.87) 0.56 (0.44-0.71) <0.0001
Men (n = 6,299)
Age-adjusted Ref  1.09(0.83-1.43)  0.95(0.72-1.25) 1.08(0.82-1.42)  0.78(0.58-1.03)  0.06
Multivariate Ref 1.16 (0.87-1.53) 1.00 (0.75-1.33) 1.19 (0.89-1.59) 0.85(0.63-1.14) 0.21
Pooled
Multivariate Ref 0.98 (0.75-1.30) 0.85(0.64-1.13) 0.90 (0.53-1.53) 0.68 (0.45-1.03) 0.19 <0.0001

Abbreviations: MET = metabolic equivalent of task; pRBD = probable REM behavior sleep disorder.
Quintile boundaries in the Health Professionals Follow-up cohort are as follows: Q1, <14.1 MET h/wk; Q2, 14.1-23.0 MET h/wk; Q3, 23.0-32.9 MET h/wk; Q4,
32.9-46.9 MET h/wk; Q5, = 46 MET h/wk. Quintile boundaries in the Nurses’ Health Study cohort are as follows: Q1, 0.1-<6.5 MET h/wk; Q2, 6.5-11.6 MET h/wk;

Q3, 11.6-17.6 MET h/wk; Q4, 17.6-27.8 MET h/wk; Q5, 227.8 MET h/wk.

symptom that is common in older populations, so that the large
majority of individuals with hyposmia do not have prodromal
PD. This could lead to an attenuated association with physical
activity, since physical activity may be unrelated to other causes
of hyposmia in older adults. To our knowledge, the association
between physical activity and impaired color vision among
healthy individuals has not previously been investigated.

Important strengths of our study include the large sample size
and the fact that we collected information on a range of

Neurology.org/N

possible prodromal features, which allowed us to investigate
risk factors for combinations of prodromal features suggestive
of prodromal PD. These features, when considered in-
dividually, are nonspecific for PD or for any neurodegenera-
tive process, as they may well reflect idiopathic conditions or
localized pathology, such as respiratory (hyposmia) or gas-
trointestinal (constipation) ailments. On the other hand, we
have previously demonstrated that the co-occurrence of
multiple features is strongly associated with having PD and
parkjnsonism.17 The lower risk of developing multiple
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prodromal features in regularly active individuals is thus
consistent with a protective role of physical activity on risk of
PD. Further, the fact that the lowest risk of prodromal features
was observed among individuals who maintained a high de-
gree of physical activity throughout the follow-up suggests
physical activity during aging may have a cumulative pro-
tective effect. Future research could extend these findings by
evaluating the mechanisms involved and investigating
whether, among individuals with prodromal features of PD,
higher levels of physical activity lead to lower rate of con-
version to clinical PD.
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