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Abstract
Objective
To assess the relationship between diet pattern and prodromal Parkinson disease (PD)
features.

Methods
These analyses include 47,679 participants from the Nurses’ Health Study and the Health Pro-
fessionals Follow-up Study. Since 1986, both cohorts have collected dietary information every 4
years and calculated scores for adherence to different diet patterns, including the alternate Med-
iterranean diet (aMED) and the Alternative Healthy Eating Index (AHEI). In 2012, participants
responded to questions regarding constipation and probable REM sleep behavior disorder. For a
subset of 17,400 respondents to the 2012 questionnaire, 5 additional prodromal features of PD
were assessed in 2014 to 2015. We usedmultinomial logistic regression to estimate the association
between baseline (1986) diet pattern score quintiles and number of prodromal features (0, 1, 2, or
≥3) in 2012 to 2015. Additional analyses investigated the association between long-term adher-
ence to these dietary patterns over 20 years and prodromal features suggestive of PD.

Results
In a comparison of extreme aMEDdiet quintiles, the odds ratio for ≥3 vs 0 features was 0.82 (95%
confidence interval [CI] 0.68–1.00, false discovery rate [FDR]–adjusted ptrend = 0.03) at baseline
and 0.67 (95% CI 0.54–0.83, FDR-ptrend < 0.001) for long-term diet; results were equally strong
for the association with AHEI scores. Higher adherence to these diets was inversely associated
with individual features, including constipation, excessive daytime sleepiness, and depression.

Conclusions
The inverse association between these diet patterns and prodromal PD features is consistent with
previous findings and suggests that adherence to a healthy diet may reduce the occurrence of
nonmotor symptoms that often precede PD diagnosis.
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It is well known that clinical Parkinson disease (PD) is preceded
by a prodromal period of ≥10 years during which individuals
may experience a range of subtle nonmotor symptoms1–7 before
the more classic motor features of the disease. Although these
nonmotor features are individually nonspecific, the co-
occurrence of multiple features is strongly associated with
PD.8 Several foods and nutrients9–12 and adherence to specific
dietary patterns13–15 have been associated with the risk of de-
veloping PD in previous investigations. Recently, in a cross-
sectional study, individuals with features suggestive of prodromal
PD reported lower adherence to a Mediterranean diet,16 but
there are no longitudinal studies on the relationship between diet
or dietary factors and features of prodromal PD. The objective of
this study is to investigate whether long-term adherence to 2 diet
patterns, the alternate Mediterranean diet (aMED) and the Al-
ternative Healthy Eating Index (AHEI), is associated with the
probability of developing prodromal features suggestive of PD
during nearly 30 years of follow-up.

Methods
Study population
This investigation uses data from the Nurses’ Health Study
(NHS) and the Health Professionals Follow-up Study (HPFS)
cohorts. The NHS cohort is composed of 121,700 female
registered nurses who resided in 1 of 11 states and were be-
tween the ages of 30 and 55 years at the time of enrollment in
1976. The HPFS cohort is composed of 51,529 male health
professionals who responded to the baseline questionnaire and
were between the ages of 40 and 75 years at the time of en-
rollment in 1986. In both the NHS and HPFS cohorts, the
participants complete biennially administered follow-up ques-
tionnaires on lifestyle practices, occupational and other expo-
sures, andmedical history. Cohort participants <85 years of age
and without diagnosed PD who responded to questions
assessing probable (p) REM sleep behavior disorder (RBD)
and constipation on the 2012 questionnaire and the baseline
(1986) food frequency questionnaire (FFQ) are included in
these analyses (NHS n = 29,899, HPFS n = 17,770). Because
the pRBD question is asked to the sleep partner of the par-
ticipant, 13,188 NHS and 856 HPFS otherwise eligible par-
ticipants who did not have a sleep partner were excluded. Due
to cost constraints, secondary screening consisting of olfactory
testing and an additional premotor PD questionnaire was ad-
ministered to a subset of eligible participants. This subset
consisted of all participants who screened positive for either
pRBD or constipation on the 2012 questionnaire but only 23%
of those with neither of these features who were randomly

selected. In total, 17,400 participants (NHS n = 11,493, HPFS
n = 5,907) included in these analyses completed all secondary
screening, and an additional 1,129 participants (NHS n = 781,
HPFS: n = 348) participants completed some but not all sec-
ondary screening.

Outcome assessment
Seven prodromal features are included in these analyses: con-
stipation, pRBD, hyposmia, excessive daytime sleepiness, im-
paired color vision, depressive symptoms, and body pain. The
assessment of these features in the NHS (K.C.H., unpublished
data, March 2020) and the HPFS8 has previously been de-
scribed. For the purposes of these analyses, constipation was
assessed according to responses to the 2012 questionnaire and
defined as either having a bowel movement frequency of every
other day or less or using laxative twice a week or more fre-
quently. The 2012 questionnaire was also used to assess pRBD,
which was defined as having a positive response to a screening
question from the Mayo Sleep Questionnaire (“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?”).17

In a community-based study and without the specification of
dream enactment having happened 3 times, this pRBD
screening question had a sensitivity of 100% and a specificity of
95% for the diagnosis of polysomnography-confirmed RBD.18

Hyposmia was assessed with the Brief Smell IdentificationTest,
a standardized test in which participants were asked to identify
12 different odorants. The Epworth Sleepiness Scale19 was
used tomeasure excessive daytime sleepiness, defined as a score
of ≥10. A mailed version of the Roth color discrimination test,
itself an abridged version of the Farnsworth-Munsell Test,20

was used to assess color discrimination. Body pain presence
and severity were assessed with questions from the Short-Form
Health Survey. Depressive symptoms were measured with the
Mental Health Inventory,21 a 5-question subscale of the Short-
Form Health Survey. We defined hyposmia, impaired color
vision, body pain, and depressive symptoms as having a score in
the bottom 10% of the cohort-specific distribution of partici-
pants without pRBD or constipation who completed the re-
spective assessments. For themain analyses, we took the sum of
each participant’s prodromal features and categorized partici-
pants as having 0, 1, 2, or ≥3 features.

Assessment of diet and other covariates
Because most previous reports on diet pattern and PD or pro-
dromal PD have focused on the Mediterranean diet, we treat
analyses of the aMED as the primary analyses and analyses of the
AHEI as secondary analyses. Diet is measured every 4 years in

Glossary
AHEI = Alternative Healthy Eating Index; aMED = alternate Mediterranean diet; BMI = body mass index; CI = confidence
interval;DLB = dementia with Lewy bodies; FDR = false discovery rate; FFQ = food frequency questionnaire;HPFS = Health
Professionals Follow-up Study; NHS = Nurses’ Health Study; OR = odds ratio; PD = Parkinson disease; pRBD = probable
RBD; RBD = REM sleep behavior disorder.
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Table 1 Age-adjusted study population characteristics at baseline by quintile of aMED adherence

HPFS
Quintile 1
(n = 3,531)

Quintile 2
(n = 2,977)

Quintile 3
(n = 3,191)

Quintile 4
(n = 5,587)

Quintile 5
(n = 2,484)

Exposure and covariate
distributions

aMED score 1.5 (0.6) 3.0 (0.0) 4.0 (0.0) 5.5 (0.5) 7.4 (0.6)

AHEI score 42.1 (8.7) 48.0 (9.0) 51.2 (8.8) 56.4 (9.2) 63.9 (9.1)

Age, ya 46.7 (5.5) 47.3 (5.6) 47.7 (6.0) 48.1 (5.7) 48.7 (5.7)

Body mass index, kg/m 25.6 (3.1) 25.4 (3.1) 25.3 (3.1) 25.1 (2.9) 24.7 (2.9)

Current smoker, % 10.7 8.6 7.7 5.6 3.3

Past smoker, % 37.0 38.9 38.3 39.3 40.5

White, % 96.4 96.2 95.7 96.5 97.1

Physical activity, MET-h/wkb 15.0 (23.0) 18.0 (25.8) 18.2 (25.8) 22.5 (26.7) 28.1 (33.9)

Caffeine, mg/d 272.8 (243.1) 255.6 (240.9) 237.0 (232.2) 223.2 (224.5) 196.9 (208.0)

Energy intake, kcal/d 1,778.3 (541.0) 1,874.9 (580.8) 1,980.1 (599.9) 2,134.1 (623.2) 2,275.0 (593.6)

Prodromal feature frequency

pRBD, % 11.8 11.6 13.2 12.6 11.7

Constipation, % 22.2 21.8 21.5 20.9 19.3

Hyposmia,c % 16.3 13.5 14.2 14.7 13.3

Impaired color vision,c % 11.7 7.6 11.7 9.0 10.2

Excessive daytime sleepiness,c % 22.5 21.7 20.8 20.8 20.5

Body pain,c % 14.0 15.6 15.0 14.7 16.0

Depressive symptoms,c % 13.2 12.6 12.5 11.2 11.7

NHS
Quintile 1
(n = 7,255)

Quintile 2
(n = 5,169)

Quintile 3
(n = 5,630)

Quintile 4
(n = 5,286)

Quintile 5
(n = 6,559)

Exposure and covariate
distributions

aMED score 1.5 (0.7) 3.0 (0.0) 4.0 (0.0) 5.0 (0.0) 6.5 (0.7)

AHEI score 42.5 (8.6) 47.3 (8.9) 50.6 (9.2) 54.0 (9.4) 59.5 (9.8)

Age, ya 47.1 (4.9) 47.8 (5.0) 48.2 (5.1) 48.8 (5.2) 49.3 (5.2)

Body mass index, kg/m 25.0 (4.6) 24.8 (4.5) 24.8 (4.4) 24.7 (4.3) 24.3 (4.2)

Current smoker, % 20.7 17.6 14.9 12.7 11.4

Past smoker, % 30.7 33.2 36.9 38.5 40.0

White, % 91.7 91.4 92.6 92.3 92.2

Physical activity, MET-h/wkb 10.5 (17.2) 13.0 (17.8) 14.4 (18.9) 16.7 (22.5) 19.7 (25.9)

Caffeine, mg/d 310.7 (234.2) 299.9 (229.2) 297.3 (226.1) 295.2 (223.6) 273.8 (217.2)

Energy intake, kcal/d 1,549.5 (459.8) 1,688.7 (489.1) 1792.9 (502.3) 1910.7 (525.5) 2054.8 (528.4)

Prodromal feature frequency

pRBD, % 7.1 7.5 6.9 7.0 7.1

Constipation, % 37.2 36.0 35.5 34.4 32.4

Hyposmia,c % 20.5 19.6 18.0 18.6 18.9

Impaired color vision,c % 14.5 15.9 15.4 14.5 14.9

Continued
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both the NHS and HPFS with semiquantitative FFQs, which
have been validated for use in these cohorts.22,23 From the par-
ticipants’ FFQ responses, a score for aMED adherence was cal-
culated as the sum of 9 component scores: vegetables (excluding
potatoes), fruits, nuts, whole grains, legumes, fish, the ratio of
monounsaturated to saturated fat, red and processed meats, and
alcohol, as previously reported.24,25 For the first 7 of these
components, a score of 1 was given if the participant has an intake
above the cohort- and questionnaire cycle–specific median. A
score of 1 was given for red and processed meat consumption if
the participant reports belowmedian intake. For alcohol intake, a
score of 1 was given for moderate consumption (5–15 g/d for
women, 10–25 g/d formen). If a participant did notmeet criteria
to receive a score of 1 for a given component, that individual
receives a score of 0. Because theHPFS cohort began in 1986, we
used 1986 as the baseline diet assessment. For NHS participants
with missing 1986 dietary information but who were otherwise
eligible for this study, we carried forward information, including
FFQ responses, from the 1984 questionnaire cycle.

In a set of secondary analyses, we also explored the relation-
ship between AHEI score and prodromal PD features. Briefly,
the AHEI diet is defined by 11 components: vegetables, fruits,
whole grains, sugar-sweetened beverages and fruit juice, nuts
and legumes, red and processed meat, trans fat, long-chain (n-
3) fats, polyunsaturated fatty acids, sodium, and alcohol.
Scores for each component, which have been described pre-
viously,26 are assigned on a continuous basis, ranging from
0 to 10, and are summed to create a total diet score that ranges
from 0 to 110. As with the aMED diet, higher component-
specific and total scores for the AHEI indicate a higher ad-
herence to the diet pattern.

Information on other covariates of interest, including caffeine
consumption, energy intake, body mass index (BMI), smok-
ing pack-years, and physical activity, was collected at baseline
and on subsequent questionnaires in both cohorts.

Statistical analysis
In the primary analyses, we used baseline quintiles of aMED
diet score as a measure of Mediterranean diet adherence. We
also conducted analyses of cumulative average aMEDdiet score

using all available dietary information collected between 1986
and 2006 to examine the relationship between long-term
Mediterranean diet adherence and prodromal features. To
minimize the possibility of reverse causation, we did not con-
sider dietary information collected after the 2006 questionnaire
cycle, which allowed at least 6 years between the last diet
assessment and earliest prodromal feature assessment. Fur-
thermore, because dietary fiber intake is associated with risk of
constipation and used in the treatment of constipation,27 we
conducted all analyses both including and excluding con-
stipation from the total number of prodromal features to ensure
that any association between diet pattern and prodromal fea-
tures was not solely a reflection of the relationship between diet
and constipation. For baseline analyses in the NHS and anal-
yses of long-term diet in both cohorts, values were carried
forward 1 questionnaire cycle for participants missing in-
formation on either exposure or covariates. Missing value
indicators were used if the value from the preceding ques-
tionnaire cycle was also missing and could not be carried for-
ward. Because baseline physical activity in the HPFS and
cumulative average physical activity in both cohorts were very
uncommonly missing (baseline HPFS n = 11 [0.19%]; cu-
mulative average: HPFS n = 0 [0.0%], NHS n = 4 [0.03%]),
participants with missing information were assigned to the
median quintile to ensure that participants with each level of
activity would be sampled in each bootstrap resample. Across
all analyses, we used the Benjamini-Hochberg false discovery
rate (FDR) approach to adjust p values for multiple testing.28

Within each cohort, multinomial logistic regression was used
to estimate the odds ratio (OR) between Mediterranean diet
adherence and prodromal feature combinations (1, 2, or ≥3 vs
0). Age-adjusted models of baseline diet were adjusted for age
(years); multivariable models were further adjusted for caf-
feine intake (quintiles), caloric intake (quintiles), smoking
pack-years (<5, 5–<10, 10–<15, 15–<20, ≥20), BMI (<25, 25
to <30, ≥30 kg/m2), and physical activity (metabolic equiv-
alent of task hours per week; quintiles). Models of long-term
diet intake were adjusted for age, cumulative average caffeine
intake, caloric intake, and physical activity, as well as updated
versions of smoking pack-year categories and BMI category.
For each exposure of interest, the quintile median values were

Table 1 Age-adjusted study population characteristics at baseline by quintile of aMED adherence (continued)

NHS
Quintile 1
(n = 7,255)

Quintile 2
(n = 5,169)

Quintile 3
(n = 5,630)

Quintile 4
(n = 5,286)

Quintile 5
(n = 6,559)

Excessive daytime sleepiness,c % 8.7 8.8 9.5 9.9 8.8

Body pain,c % 15.4 16.2 13.9 14.3 12.9

Depressive symptoms,c % 16.8 17.2 14.8 15.7 14.4

Abbreviations: AHEI = Alternative Healthy Eating Index; aMED = alternate Mediterranean diet; HPFS = Health Professionals Follow-up Study; MET =metabolic
equivalent of task; NHS = Nurses’ Health Study; pRBD = probable REM sleep behavior disorder.
Values aremean (SD) for continuous variables and percentages for categorical variables and are standardized to the age distribution of the study population.
a Value is not age adjusted.
b METs from recreational and leisure-time activities.
c Percentages based on 5,907 HPFS and 11,493 NHS participants who completed all secondary screening.
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Table 2 ORs (95% CIs) for association between ≥3 vs 0 prodromal features for each quintile of adherence to the aMED diet pattern

Cohort Adjustment Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 p Value for trend FDR-ptrend
p Value for
heterogeneity

Including constipation

Baseline

HPFS Age 1.0 (Ref) 0.82 (0.62–1.11) 0.89 (0.66–1.17) 0.76 (0.58–1.02) 0.75 (0.53–1.05) 0.07 0.14

Multivariable 1.0 (Ref) 0.82 (0.62–1.12) 0.87 (0.63–1.16) 0.73 (0.53–0.96) 0.74 (0.52–1.06) 0.06 0.11

NHS Age 1.0 (Ref) 1 (0.81–1.23) 0.87 (0.7–1.07) 0.82 (0.66–1.03) 0.77 (0.61–0.94) 0.004 0.02

Multivariable 1.0 (Ref) 1.02 (0.83–1.26) 0.93 (0.73–1.15) 0.87 (0.69–1.11) 0.86 (0.68–1.08) 0.09 0.16

Pooled Age 1.0 (Ref) 0.93 (0.77–1.12) 0.88 (0.74–1.04) 0.80 (0.67–0.95) 0.76 (0.64–0.91) <0.001 0.005 0.70

Multivariable 1.0 (Ref) 0.94 (0.76–1.16) 0.91 (0.76–1.08) 0.81 (0.68–0.98) 0.82 (0.68–1.00) 0.01 0.03 0.66

Cumulative average

HPFS Age 1.0 (Ref) 0.84 (0.64–1.14) 0.56 (0.42–0.76) 0.63 (0.46–0.83) 0.7 (0.52–0.94) 0.004 0.01

Multivariable 1.0 (Ref) 0.83 (0.61–1.12) 0.54 (0.39–0.75) 0.62 (0.45–0.83) 0.64 (0.47–0.88) 0.002 0.01

NHS Age 1.0 (Ref) 1.09 (0.86–1.36) 0.76 (0.60–0.97) 0.68 (0.53–0.86) 0.58 (0.45–0.73) <0.001 <0.001

Multivariable 1.0 (Ref) 1.12 (0.88–1.41) 0.83 (0.64–1.05) 0.79 (0.60–1.00) 0.69 (0.52–0.9) <0.001 0.005

Pooled Age 1.0 (Ref) 0.97 (0.76–1.25) 0.66 (0.49–0.90) 0.66 (0.55–0.80) 0.62 (0.52–0.75) <0.001 <0.001 0.18

Multivariable 1.0 (Ref) 0.98 (0.73–1.31) 0.68 (0.45–1.03) 0.71 (0.56–0.90) 0.67 (0.54–0.83) <0.001 <0.001 0.92

Excluding constipation

Baseline

HPFS Age 1.0 (Ref) 0.77 (0.53–1.14) 1.06 (0.73–1.53) 0.8 (0.58–1.12) 0.76 (0.49–1.15) 0.22 0.31

Multivariable 1.0 (Ref) 0.76 (0.52–1.13) 1.02 (0.69–1.47) 0.72 (0.5–1.03) 0.69 (0.45–1.05) 0.08 0.15

NHS Age 1.0 (Ref) 1.05 (0.78–1.37) 0.99 (0.74–1.31) 0.8 (0.59–1.07) 0.97 (0.74–1.26) 0.42 0.53

Multivariable 1.0 (Ref) 1.07 (0.8–1.39) 1.02 (0.75–1.35) 0.82 (0.61–1.11) 1.03 (0.77–1.36) 0.68 0.78

Pooled Age 1.0 (Ref) 0.93 (0.69–1.26) 1.02 (0.81–1.27) 0.80 (0.64–1.00) 0.91 (0.72–1.15) 0.16 0.25 0.69

Multivariable 1.0 (Ref) 0.93 (0.67–1.28) 1.02 (0.81–1.29) 0.77 (0.61–0.98) 0.88 (0.60–1.29) 0.17 0.25 0.29

Cumulative average

HPFS Age 1.0 (Ref) 0.89 (0.63–1.24) 0.52 (0.36–0.78) 0.64 (0.43–0.9) 0.76 (0.52–1.13) 0.05 0.11
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modeled continuously to assess linear trend across quintiles.
To account for the oversampling of participants with pRBD or
constipation on the 2012 questionnaire, all models were
weighted with inverse probability weights, and bootstrapping
(500 resamples) was used to obtain valid standard errors.
Pooled measures of association and tests of heterogeneity
were obtained with random-effects meta-analysis.

We also conducted a series of secondary and sensitivity anal-
yses. First, we completed a complementary set of secondary
analyses by repeating the analyses described above with AHEI
scores in place of aMED scores. Given that the association
between alcohol consumption and PD is not specific to mod-
erate alcohol intake,29 we also refitted the aMED models ex-
cluding the alcohol component from the aMED score and
instead adjusted for quintile of alcohol consumption. To fur-
ther evaluate the temporal relationship between diet adherence
and prodromal features of PD, we examined the association
between each diet pattern and prodromal feature category at
each year that diet was assessed between 1986 and 2006 and
themean of the first 2 (1986, 1990) and last 2 (2002, 2006) diet
assessments. Using multivariable-adjusted logistic regression,
we additionally assessed the relationship between each specific
prodromal feature of PD and diet pattern adherence among
individuals who completed screening on that feature; because
constipation and pRBD were measured in the entire study
population, inverse probability weighting and bootstrapping
were not used for these specific outcomes. To determine
whether specific aMED components were driving the observed
associations, we used multivariable-adjusted multinomial lo-
gistic regression to assess the relationship between the baseline
and cumulative average scores of the individual aMED com-
ponents and prodromal feature category. To investigate the
extent to which excluding individuals who completed some but
not all of the secondary premotor screening might have biased
our results, we repeated themain analyses by first assuming that
these individuals had none of the features for which they were
missing data and then again assuming that they had all of the
features for which they were missing data. Lastly, we estimated
multivariable-adjusted cohort-specific linear risk models among
participants with 0 or ≥3 to determine the risk difference
comparing the extreme diet pattern quintiles at baseline.

All analyses were performed with SAS statistical software
(SAS Institute, Inc, Cary, NC) and R 3.5.0 (cran.r-project.org;
R Foundation for Statistical Computing, Vienna, Austria).
The p values were considered significant at <0.05.

Standard protocol approvals, registrations,
and patient consents
The study protocol was approved by the Institutional Review
boards of the Brigham and Women’s Hospital and the Har-
vard T.H. Chan School of Public Health.

Data availability
The data analyzed in the current study are not publicly
available because of restricted access, but further informationTa
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Table 3 ORs (95% CIs) for association between ≥3 vs 0 prodromal features for each quintile of adherence to the AHEI diet pattern

Cohort Adjustment Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 p Value for trend FDR-ptrend
p Value for
heterogeneity

Including constipation

Baseline

HPFS Age 1.0 (Ref) 0.8 (0.62–1.05) 0.55 (0.41–0.74) 0.54 (0.38–0.74) 0.56 (0.4–0.77) <0.001 <0.001

Multivariable 1.0 (Ref) 0.86 (0.66–1.17) 0.6 (0.43–0.79) 0.62 (0.44–0.85) 0.71 (0.5–0.99) 0.007 0.02

NHS Age 1.0 (Ref) 0.84 (0.67–1.05) 0.79 (0.64–1.00) 0.75 (0.60–0.94) 0.62 (0.49–0.75) <0.001 <0.001

Multivariable 1.0 (Ref) 0.86 (0.68–1.06) 0.86 (0.68–1.07) 0.85 (0.67–1.07) 0.73 (0.57–0.89) 0.01 0.03

Pooled Age 1.0 (Ref) 0.83 (0.69–0.98) 0.67 (0.47–0.96) 0.64 (0.47–0.89) 0.60 (0.50–0.72) <0.001 <0.001 0.31

Multivariable 1.0 (Ref) 0.86 (0.72–1.03) 0.73 (0.51–1.04) 0.74 (0.54–1.01) 0.72 (0.59–0.87) <0.001 0.002 0.41

Cumulative average

HPFS Age 1.0 (Ref) 0.64 (0.47–0.84) 0.59 (0.43–0.77) 0.47 (0.34–0.61) 0.44 (0.33–0.62) <0.001 <0.001

Multivariable 1.0 (Ref) 0.71 (0.51–0.95) 0.7 (0.51–0.92) 0.59 (0.43–0.81) 0.61 (0.44–0.85) 0.002 0.009

NHS Age 1.0 (Ref) 0.85 (0.67–1.06) 0.72 (0.56–0.90) 0.64 (0.51–0.78) 0.50 (0.38–0.62) <0.001 <0.001

Multivariable 1.0 (Ref) 0.92 (0.73–1.15) 0.85 (0.65–1.09) 0.80 (0.63–1.00) 0.69 (0.51–0.86) 0.002 0.009

Pooled Age 1.0 (Ref) 0.75 (0.56–1.00) 0.66 (0.55–0.80) 0.56 (0.41–0.75) 0.48 (0.39–0.58) <0.001 <0.001 0.78

Multivariable 1.0 (Ref) 0.82 (0.64–1.06) 0.79 (0.65–0.95) 0.70 (0.52–0.94) 0.66 (0.53–0.80) <0.001 <0.001 0.65

Excluding constipation

Baseline

HPFS Age 1.0 (Ref) 0.78 (0.56–1.14) 0.57 (0.39–0.82) 0.51 (0.35–0.78) 0.6 (0.4–0.9) 0.002 0.01

Multivariable 1.0 (Ref) 0.83 (0.57–1.22) 0.61 (0.41–0.87) 0.58 (0.39–0.85) 0.76 (0.49–1.11) 0.06 0.12

NHS Age 1.0 (Ref) 0.84 (0.62–1.11) 0.95 (0.71–1.26) 0.85 (0.64–1.15) 0.73 (0.55–0.97) 0.05 0.11

Multivariable 1.0 (Ref) 0.87 (0.64–1.15) 1.06 (0.79–1.39) 0.98 (0.73–1.35) 0.87 (0.63–1.14) 0.53 0.64

Pooled Age 1.0 (Ref) 0.82 (0.65–1.02) 0.74 (0.45–1.23) 0.67 (0.41–1.09) 0.68 (0.54–0.86) 0.01 0.03 0.18

Multivariable 1.0 (Ref) 0.85 (0.68–1.07) 0.81 (0.48–1.40) 0.77 (0.46–1.28) 0.83 (0.65–1.05) 0.17 0.25 0.23

Cumulative average

HPFS Age 1.0 (Ref) 0.62 (0.42–0.87) 0.54 (0.38–0.75) 0.48 (0.33–0.67) 0.4 (0.27–0.62) <0.001 <0.001
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about the datasets is available from the corresponding author
on reasonable request.

Results
The characteristics of the study population are described in
table 1. In both the NHS and the HPFS cohorts, individuals
with higher adherence to the aMEDdiet had a lower BMI; were
older, less likely to be current smokers, and more physically
active; and consumed both less caffeine and more total energy
than individuals with lower aMED adherence. At baseline, the
quintiles corresponded to aMED scores of 0 to 2, 3, 4, 5 to 6,
and 7 to 9 in theHPFS and 0 to 2, 3, 4, 5, and 6 to 9 in theNHS.
Among those who completed screening for all prodromal
features, 1,729 NHS participants and 1,155 HPFS participants
had 0 features, and 1,966 NHS and 950 HPFS participants had
≥3 prodromal features. When constipation was excluded from
the count of prodromal features, there were then 5,057 NHS
and 2,275 HPFS participants with 0 features and 777 NHS and
500 HPFS participants with ≥3 features.

Both baseline adherence and long-term adherence to a
Mediterranean-style diet were inversely associated with combi-
nations of prodromal features (table 2). In pooled analyses, the
multivariable-adjusted OR for having ≥3 vs 0 prodromal features
comparing those in the highest and lowest aMED quintiles was
0.82 (95% confidence interval [CI] 0.68–1.00, FDR-ptrend =
0.03) at baseline and 0.67 (95% CI 0.54–0.83, FDR-ptrend <
0.001) for long-term diet. Results for the AHEI diet followed a
similar pattern but were stronger in magnitude (table 3); the
multivariable-adjusted OR for ≥3 vs 0 prodromal features
comparing extremeAHEI quintiles was 0.72 (95%CI 0.59–0.87,
FDR-ptrend = 0.002) at baseline and 0.66 (95% CI 0.53–0.80,
FDR-ptrend < 0.001) for long-term diet. These associations were
attenuated when we excluded constipation as a prodromal fea-
ture but, for long-term diet, remained significant. Excluding
moderate alcohol intake as a component of the aMED score
similarly weakened but did not completely attenuate the asso-
ciation (multivariable-adjusted OR comparing extreme quintiles
0.86, 95%CI 0.72–1.04, FDR-ptrend = 0.10 for baseline diet; 0.73
95% CI 0.59–0.91, FDR-ptrend = 0.002 for long-term diet).
Figure 1 indicates that the observed association at each sub-
sequent dietary assessment between 1986 and 2006 remained
inverse and became increasingly stronger.

Results of analyses of 2 vs 0 and 1 vs 0 prodromal features
followed a similar pattern but attenuated as the number of
features decreased. Briefly, the pooled multivariable-adjusted
OR for having 2 vs 0 prodromal features comparing those in the
highest and lowest aMED quintiles was 0.82 (95% CI
0.86–1.03, FDR-ptrend = 0.13) at baseline and 0.74 (95% CI
0.61–0.89, FDR-ptrend = 0.01) for long-term diet. The AHEI
results were comparable for 2 vs 0 prodromal features; the
multivariable-adjusted OR comparing extreme quintiles was
0.81 (95%CI 0.68–0.98, FDR-ptrend = 0.02) at baseline and 0.71
(95% CI 0.59–0.85, FDR-ptrend < 0.001) for long-term diet. InTa
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analyses of 1 vs 0 prodromal features, the pooled multivariable-
adjusted OR comparing extreme diet pattern quintiles was 0.96
(95% CI 0.82–1.14, FDR-ptrend = 0.75) for aMED and 0.85
(95% CI 0.72–1.01, FDR-ptrend = 0.02) for AHEI at baseline
and 0.92 (95% CI 0.77–1.09, FDR-ptrend = 0.15) for aMED and
0.79 (95% CI 0.66–0.95, FDR-ptrend = 0.03) for AHEI for long-
term diet.

The cohort-specific and pooled associations between each
prodromal feature and diet pattern, comparing extreme quin-
tiles of diet, are presented in figures 2 and 3. In pooled
multivariable-adjusted analyses, increased aMED adherence at
baseline was inversely associated with constipation, and in-
creased long-term aMED adherence was inversely associated
with constipation, excessive daytime sleepiness, and depressive
symptoms. Adherence to the aMED diet pattern at baseline or
long termwas not associated with pRBD, hyposmia, body pain,
or impaired color vision. Results were similar for AHEI analyses
with the exception that the long-term diet association with
depressive symptoms was only marginally significant
(multivariable-adjusted OR comparing extreme quintiles 0.87,
95% CI 0.83–0.99, FDR-ptrend = 0.10). The results between
cohorts were not significantly heterogeneous except for the
association between aMED adherence and body pain at base-
line (extreme quintiles: pheterogeneity = 0.02); there was mar-
ginally significant heterogeneity for the associations between

hyposmia and impaired color vision with baseline aMED diet
(pheterogeneity = 0.08, pheterogeneity = 0.07) and between body
pain and baseline AHEI diet (pheterogeneity = 0.08).

Results of analyses of the association between individual aMED
components and prodromal feature combination are provided
in table 4. With constipation included as a prodromal feature,
increased consumption of vegetables at baseline and increased
long-term consumption of vegetables, nuts, legumes and
moderate alcohol intake were inversely associated with having
≥3 vs 0 prodromal features. When constipation was excluded as
a prodromal feature, the inverse association between long-term
consumption of vegetables, nuts, and moderate alcohol intake
remained significant.

Sensitivity analyses suggest that the main findings are robust to
exclusion of participants completing only a portion of sec-
ondary screening. With the assumption that the individuals
who completed only a portion of secondary screening did not
have any features for which they were missing data, the OR for
≥3 vs 0 prodromal features comparing extreme aMEDquintiles
was 0.83 (95%CI 0.69–1.00, FDR-ptrend = 0.03) at baseline and
0.70 (95% CI 0.57–0.86, FDR-ptrend < 0.001) for long-term
diet. When we repeated this analysis assuming that the indi-
viduals instead had all features for which they were missing
data, the OR for ≥3 vs 0 prodromal features comparing those in

Figure 1 Diet pattern association with ≥3 vs 0 prodromal features at each diet assessment between 1986 and 2006

Multivariable-adjusted pooled odds ratios for ≥3 vs 0 prodromal features comparing extreme quintiles of diet score at each time of diet assessment between
1986 and 2006 and themean diet score for first 2 assessments (1986, 1990) and last 2 assessments (2002, 2006) for both alternateMediterranean diet (aMED)
and Alternative Healthy Eating Index (AHEI) dietary patterns. Models are adjusted for age (years) and cohort- and questionnaire cycle–specific quintiles of
caffeine intake, energy intake, and physical activity, as well as smoking pack-year and body mass index categories.
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the highest vs lowest aMED quintile was 0.81 (95% CI
0.67–0.98, FDR-ptrend = 0.02) at baseline and 0.71 (95% CI
0.58–0.87, FDR-ptrend < 0.001) for long-term adherence. In
cohort-specific multivariable-adjusted linear risk models for ≥3
vs 0 prodromal features, the risk difference comparing the
highest and lowest quintiles of the aMED diet was between 2%
and 3% (NHS: risk difference −0.023 [95% CI −0.056 to
0.011]; HPFS: risk difference −0.033 [95% CI −0.074 to
0.0085]). Estimates were comparable for the AHEI diet pat-
tern. This suggests that in a population with a dietary pattern
distribution and risk of prodromal PD similar to that of our
cohort participants and assuming that the observed associations
reflect a causal effect, between 31 and 44 individuals should
change their diet from the lowest to the highest quintile of
adherence to the aMED pattern (an increase of ≈5–6 points)
to prevent 1 case of ≥3 prodromal PD features.

Discussion
In this pooled analysis of 2 large cohort studies with pro-
spectively collected dietary information, we found that in-
creased aMED and AHEI diet pattern scores were inversely
associated with the odds of ≥3 prodromal PD features and

specifically with constipation, excessive daytime sleepiness, and
depressive symptoms. Analyses of individual aMED compo-
nents indicate that increased consumption of vegetables and
nuts and moderate alcohol intake are each inversely associated
with the odds of ≥3 prodromal features. Sensitivity analysis
results suggest that the association between diet pattern and
prodromal PD features cannot be attributed solely to the effect
of diet on constipation or the association between PD and
alcohol intake. There was little to no evidence of heterogeneity
between men and women for most of our findings.

Although there have been few investigations of the relationship
between dietary pattern and either PD13,15 or prodromal PD
features,16 our results are broadly consistent with the findings of
these previous studies. While our study and each of the previous
investigations found an inverse association with increased ad-
herence to aMediterranean-style diet, the results of both studies
conducted in the NHS and the HPFS are similar for the AHEI
diet, suggesting that adherence to a healthy diet pattern rather
than specifically to aMediterranean-style diet may reduce risk of
PD and its prodromal features. Although the mechanism by
which diet pattern might influence risk of PD or its prodromal
features remains unclear, growing evidence indicates that the
gut and enteric nervous system are involved in PD

Figure 2 Association with each prodromal feature comparing extreme quintiles of adherence to aMED diet pattern

Cohort-specific and pooled multivariable-adjusted odds ratios for each of the 7 prodromal features comparing each the extreme quintiles of alternate
Mediterranean diet (aMED) adherence at baseline and for cumulative average diet between 1986 and 2006. Models are adjusted for age in years at baseline
and cohort-specific quintiles of caffeine intake, caloric intake, and physical activity, as well as smoking pack-year categories and bodymass index categories.
(A) Health Professionals Follow-up Study (HPFS), (B) Nurses’ Health Study (NHS), and (C) pooled cohort. pRBD= probable REM sleep behavior disorder.
aStatistically significant heterogeneity across cohorts. bMarginally statistically significant heterogeneity across cohort.
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pathogenesis.30–34 Adherence to a healthy diet pattern may
therefore influence PD or prodromal PD features by protecting
against α-synuclein aggregation in the gut or by otherwise
promoting gut health35,36 in a manner that protects against
degeneration in the enteric system or CNS. Alternatively, be-
cause adherence to these dietary patterns is associated with
consumption of foods high in antioxidant and anti-
inflammatory compounds, diet pattern may instead reduce
risk of PD or prodromal PD features by preventing oxidative
stress37 and neuroinflammation.38

The prodromal features assessed in our cohorts have each been
linked with PD individually1–7 and in combination.8 Some of
these features, however, may also occur in the prodromal phase
of a less common synucleinopathy, dementia with Lewy bodies
(DLB). In particular, RBD, olfactory dysfunction, constipation,
and depression are associated with the prodromal phase of both
PD and DLB.39 The results of our investigation are agnostic as
to whether individuals will eventually go on to develop PD or
DLB, but the incidence of PD is ≈4-fold higher than that of
DLB40; therefore, DLB is likely to account for only a small
proportion of individuals with prodromal features. Only with
further investigation will we be able to understand whether or

how the relationship between diet, prodromal features, and
disease differs for PD and DLB.

A few limitations should be considered in the interpretation of
the results of this investigation. First, the prodromal features of
PD were not assessed at baseline; therefore, for some partici-
pants, these features may have been present at baseline and
influenced their diet. This limitation, however, is unlikely to
explain the inverse association between dietary patterns and key
prodromal features such as hyposmia, which is rare at the age of
the cohort participants at baseline; constipation, which would
tend to cause an increased consumption of fruits and vegetables
because of their high fiber content and thus higher adherence to
the aMED and AHEI diet patterns; or RBD, which may affect
consumption of caffeine but is unlikely to otherwise be a strong
determinant of dietary quality. An additional limitation of this
investigation is that, although the prodromal features in-
vestigated here are associated with increased risk of PD, par-
ticularly in combination with each other,8 experiencing any or
multiple of these features does not necessarily mean an in-
dividual will eventually develop clinically manifest PD. Only
with continued observation of this cohort will we be able to
identify which participants go on to develop PD and therefore

Figure 3 Association with each prodromal feature comparing extreme quintiles of adherence to the AHEI diet pattern

Cohort-specific and pooled multivariable-adjusted ORs for each of the 7 prodromal features comparing the extreme quintiles of Alternative Healthy Eating
Index (AHEI) adherence at baseline and for cumulative average diet between 1986 and 2006. Models are adjusted for age in years at baseline, cohort-specific
quintile of caffeine intake, caloric intake, and physical activity, as well as smoking pack-year categories and body mass index categories. (A) Health Profes-
sionals Follow-up Study (HPFS), (B) Nurses’Health Study (NHS), and (C) pooled cohort. pRBD= probable REM sleep behavior disorder. bMarginally statistically
significant heterogeneity across cohort.
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Table 4 Association between ≥3 vs 0 prodromal features for each component of the aMED diet pattern

Component Time

Including constipation Excluding constipation

OR (95% CI) p Value
FDR-corrected
p value p Heterogeneity OR (95% CI) p Value

FDR-corrected
p value

p Value for
heterogeneity

Fruits Baseline 0.86 (0.76–0.98) 0.02 0.05 0.94 0.85 (0.72–1.00) 0.05 0.11 0.98

Cumulative average 0.81 (0.68–0.97) 0.03 0.06 0.95 0.84 (0.66–1.06) 0.14 0.22 0.67

Vegetables Baseline 0.83 (0.73–0.94) 0.004 0.01 0.95 0.84 (0.71–0.99) 0.04 0.09 0.79

Cumulative average 0.69 (0.57–0.83) <0.001 <0.001 0.64 0.70 (0.54–0.90) 0.006 0.02 0.74

Legumes Baseline 0.95 (0.84–1.07) 0.39 0.49 0.36 0.98 (0.83–1.16) 0.81 0.87 0.68

Cumulative average 0.77 (0.64–0.92) 0.004 0.01 0.51 0.83 (0.66–1.06) 0.14 0.23 0.75

Nuts Baseline 0.87 (0.77–0.98) 0.02 0.06 0.45 0.89 (0.76–1.03) 0.13 0.21 0.31

Cumulative average 0.63 (0.52–0.77) <0.001 <0.001 0.97 0.66 (0.52–0.84) 0.001 0.005 0.53

Fish Baseline 1.00 (0.89–1.13) 0.96 0.99 0.99 1.05 (0.89–1.22) 0.58 0.69 0.61

Cumulative average 0.85 (0.69–1.04) 0.12 0.20 0.26 0.91 (0.72–1.16) 0.45 0.56 0.92

Whole grains Baseline 0.98 (0.86–1.10) 0.68 0.78 0.33 0.98 (0.84–1.14) 0.77 0.83 0.33

Cumulative average 0.92 (0.65–1.31) 0.66 0.76 0.06 0.89 (0.58–1.37) 0.61 0.72 0.06

Ratio of monounsaturated
to saturated fats

Baseline 1.06 (0.88–1.27) 0.54 0.65 0.15 1.03 (0.77–1.37) 0.86 0.91 0.07

Cumulative average 0.96 (0.79–1.18) 0.71 0.79 0.79 1.00 (0.76–1.31) 0.99 0.99 0.30

Low red and processed
meat consumption

Baseline 1.05 (0.93–1.20) 0.42 0.53 0.93 1.14 (0.96–1.35) 0.13 0.21 0.51

Cumulative average 0.98 (0.66–1.45) 0.90 0.94 0.04 0.93 (0.70–1.24) 0.62 0.73 0.27

Moderate alcohol Baseline 0.98 (0.84–1.13) 0.74 0.80 0.42 1.00 (0.83–1.21) 0.98 0.99 0.36

Cumulative average 0.69 (0.56–0.86) <0.001 0.004 0.53 0.68 (0.51–0.90) 0.006 0.02 0.74

Abbreviations: aMED = alternate Mediterranean diet; CI = confidence interval; FDR = false discovery rate; OR = odds ratio.
Baseline estimates represent association for a score of 1 vs 0 for that component in the 1986 aMED score; cumulative average estimates represent association for an average component score of 1 (i.e., always receive score of 1)
vs 0 (i.e., always receive score of 0) between 1986 and 2006. Models are adjusted for age (years) and cohort-specific quintiles of caffeine intake, caloric intake, and physical activity, as well as smoking pack-year categories and
bodymass index categories. Results from cohort-specificmultinomial logistic regressionmodels were pooledwith random-effectsmeta-analysis. Results are provided both including and excluding constipation as a prodromal
feature.
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were most likely to have been in the prodromal phase of disease
at the time these features were assessed. Due to the observa-
tional nature of this investigation, it is also possible that un-
measured or residual confounding or measurement error may
be biasing our results. To mitigate these biases as much as
possible, we took care to adjust for several known confounders
and used well-validated instruments.41–44 Finally, the homoge-
neity of our cohorts, which are composed largely of White
individuals with higher socioeconomic status living in the
United States, may limit the generalizability of our findings to
populations with different characteristics.

This investigation also has several important strengths. First,
the large sample size and availability of information on a
range of prodromal features allowed us to investigate the
relationship between diet and combinations of prodromal
features. This is crucial because the individual features are
common and nonspecific, whereas the combination of ≥3
features is rarely observed in individuals without prodromal
PD. Second, we were able to leverage >20 years’ worth of
validated dietary information. This allowed us to assess diet
at a baseline date nearly 30 years before prodromal feature
assessment when our participants were predominantly
middle-aged, thereby minimizing as much as possible the
chance of the prodromal features influencing diet. The
richness of these dietary data also allowed us to assess long-
term diet, the exposure that may be most relevant for disease
development, over a 20-year period by averaging partici-
pants’ diet scores, which has the further benefit of mini-
mizing the influence of within-participant variation. By
ending our long-term diet assessment 6 years before the
earliest prodromal feature assessment, we again lessened the
chance of reverse causation. Third, because dietary and
covariate information is collected prospectively in these
cohorts, these findings are unlikely to be significantly af-
fected by recall or selection bias.

The results of this investigation suggest that increased ad-
herence to an aMED or AHEI dietary pattern is inversely
associated with a combination of prodromal PD features
and specifically with constipation, excessive daytime sleep-
iness, and depressive symptoms. Additional prospective
research is needed to determine whether increased adher-
ence to the aMED or AHEI dietary patterns can prevent or
delay conversion to PD among individuals with prodromal
features.
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