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Abstract

Background—Several studies have shown associations between Parkinson Disease (PD) risk and
individual foods and nutrients with inconsistent results.

Objective—We examined associations between dietary patterns and risk of PD in the Health
Professionals Follow-Up Study (1986-2002) and the Nurses’ Health Study (1984-2000).

Design—We included 49 692 men and 81 676 women free of PD at baseline and used principal
components analysis to identify major dietary patterns and the Alternate Healthy Eating Index
(AHEI) and the alternate Mediterranean Diet Score (aMed) to assess diet quality. Relative risks (RRs)
were computed by using Cox proportional hazards models within each cohort and were pooled by
using a random-effects model.

Results—We documented 508 new PD cases after 16 y of follow-up. The principal components
analysis identified 2 dietary patterns: prudent and Western. The prudent dietary pattern, characterized
by high intakes of fruit, vegetables, and fish, was inversely associated with PD risk, but the Western
pattern was not. The pooled multivariate-adjusted RR for the top compared with the bottom quintiles
of the prudent score was 0.78 (95% CI: 0.56, 1.07; P for trend = 0.04). For the AHEI, the pooled
multivariate-adjusted RR for the top compared with the bottom quintile was 0.70 (95% CI: 0.51,
0.94; P for trend = 0.01) and for aMED was 0.75 (95% CI: 0.57, 1.00; P for trend = 0.07).

Conclusions—Dietary patterns with a high intake of fruit, vegetables, legumes, whole grains, nuts,
fish, and poultry and a low intake of saturated fat and a moderate intake of alcohol may protect against
PD. Benefits of a plant-based dietary pattern including fish to PD merit further investigation.
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INTRODUCTION

Parkinson disease (PD) is the second most common neurodegenerative disease in the United
States and affects more than one million Americans (1). Several studies have investigated
associations between PD risk and intake of individual foods and nutrients with inconsistent
results (2-8). Previous studies, however, have not examined the overall quality of the diet or
dietary patterns in relation to the risk of PD. The analysis of dietary patterns for possible
complex interactions between nutrients has emerged as a valuable approach to assess the
association between diet and many diseases, including Alzheimer disease (9,10).

Principal components analysis and diet-quality scores are 2 commonly used dietary pattern
approaches. Principal components analysis is a data-driven (a posteriori) method that describes
existing eating patterns of a certain population. It is based on the assumption that between-
person variations can in part be explained by underlying unmeasured variables (factors).
Correlations between the consumption of different food items in the study population are used
to identify these underlying factors or patterns, and individuals are then ranked in terms of how
closely they conform to the total pattern (9,11). In contrast, diet-quality scores are hypothesis-
driven (a priori) approaches that measure the degree of adherence of each individual diet to
recommended guidelines (9,11,12).

In this study we prospectively examined whether major dietary patterns identified by principal
components analysis, or diet-quality scores as assessed by the Alternate Healthy Eating Index
(AHEI) and the alternate Mediterranean Diet Score (aMed), were associated with risk of PD
in 2 large ongoing cohorts: participants in the Health Professionals Follow-Up Study (HPFS)
and the Nurses’ Health Study (NHS).

SUBJECTS AND METHODS

Study population

The HPFS was established in 1986, when 51 529 male US health professionals (dentists,
optometrists, osteopaths, podiatrists, pharmacists, and veterinarians) aged 4075 y completed
a mailed questionnaire about their medical history and lifestyle. The NHS cohort was
established in 1976, when 121 700 female registered nurses responded to a similar
questionnaire. Dietary intake data were collected since 1986 in the HFPS and since 1980 in
the NHS. Follow-up questionnaires are mailed to participants every 2 y to update information
on potential risk factors and to ascertain newly diagnosed diseases. We used 1986 as baseline
for the HFPS. For the NHS, we used 1984 as the baseline because the 1980 food-frequency
questionnaire did not include several major food items. Participants who reported an
implausible energy intake (<800 kcal/d or >4200 kcal/d for men and <500 kcal/d or >3500
kcal/d for women), those who had >70 items left blank on the baseline dietary questionnaire,
and those who had a previous diagnosis of PD were excluded, which left 49 692 men and 81
676 women for further analyses. Both studies were approved by the Human Research
Committees at the Harvard School of Public Health and the Brigham and Women’s Hospital.

Assessment of dietary and nondietary exposures

Dietary intakes were assessed with semiquantitative food-frequency questionnaires (131 food
items for men and 116 for women) validated for use with these populations (13,14). In brief,
participants were asked how often on average over the previous year they had consumed a
specific amount of each food item with 9 possible responses ranging from “never” to “6 or
more times per day.” Food-composition values for nutrients were obtained from the Harvard
University Food Composition Database derived from the US Department of Agriculture
sources (15) and were supplemented with manufacturer information.
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Information on age, weight, height, smoking status, physical activity, use of nonaspirin
nonsteroidal antiinflammatory drugs, and postmenopausal hormone therapy was collected via
questionnaires. Body mass index (BMI) was calculated as weight (kg)/height squared (m)

).

Dietary pattern factors and diet-quality scores

We used baseline dietary intake data (1986 for the HPFS and 1984 for the NHS) to identify
dietary pattern factors by using principal components analysis, as reported in earlier studies
from our cohorts (16-19). This method was based primarily on the correlation between the
food groups. In brief, we collapsed food items (131 for men and 116 for women) collected by
FFQ to 40 (men) or 38 (women) foods or food groups on the basis of the similarity of nutrient
composition and biological origin. Details of food groupings were described elsewhere (20).
We then used SAS PROC FACTOR to conduct a principal components analysis. To achieve
better interpretability, we used an orthogonal rotation procedure that results in factors (ie,
dietary patterns) that are not correlated with each other. We determined the number of factors
to retain by the amount of variation explained by each pattern and the natural interpretation of
each pattern generated. We identified 2 major dietary pattern factors: the “prudent” pattern and
the “Western” pattern, as described previously (16-19). The factor score for each pattern was
constructed by summing observed intakes of the component food items weighted by factor
loadings, and each individual received a factor score for each identified pattern. A higher score
suggests better adherence to a certain dietary pattern. In a previous validation study, we found
that the dietary pattern scores derived by using the FFQ were highly correlated with the scores
derived by using diet records in a subgroup of the HPFS (n = 127) (20). The correlation
coefficient was 0.52 for the prudent dietary pattern and 0.74 for the Western dietary pattern.

The AHEI was developed by McCullough et al (12) and modified from the US Department of
Agriculture Healthy Eating Index. It includes 9 components (vegetables, fruit, nuts and soy,
ratio of white to red meat, cereal fiber, trans fats, ratio of poly-unsaturated to saturated fat,
long-term multivitamin use, and alcohol), each of which has a minimum score of 0 and a
maximum score of 10 with an exception of multivitamin use. The possible score for the
multivitamin component was either 2.5 or 7.5 to avoid overweighting. The total scores range
from 2.5 (worst) to 87.5 (best) (Appendix A). A higher score suggests a higher dietary quality.
The aMED was based on the Mediterranean diet scale by Trichopoulou et al (21,22). Fung et
al (23,24) modified the scale and developed an aMED with use of an FFQ developed in the
United States. The aMED is based on intake of 9 items: vegetables (without potato products),
legumes, fruit, nuts, whole grains, fish, ratio of monounsaturated to saturated fat, alcohol, and,
red and processed meat. Intake of first 7 items above the median of the study subjects received
1 point; all others received 0. For alcohol, 1 point was assigned for intakes between 5 and 15
o/d (Appendix B). For red and processed meat, an intake below the median received 1 point.
The score ranges from 0 (worst) to 9 (best). In previous studies, the AHEI and aMED were
shown to be inversely associated with the risk of coronary heart disease, stroke, and breast
cancer (12,24-26).

Ascertainment of PD

As previously described (7,27), we identified new PD cases by biennial self-reported
questionnaires. We then asked the treating neurologists to complete a questionnaire to confirm
the diagnosis of PD or to send a copy of the medical records. A case was confirmed if a diagnosis
of PD was considered definite or probable by the treating neurologist or internist or if the
medical record included either a final diagnosis of PD made by a neurologist or evidence of
>2 of the 3 cardinal signs (rest tremor, rigidity, and bradykinesia) in the absence of features
suggesting other diagnoses. The review of medical records was conducted by the investigators,
who were blind to the exposure status. Overall, >80% of the diagnoses were confirmed by the
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treating neurologists. We also requested the death certificates of the deceased study participants
and identified PD diagnoses that were not reported in the regular follow-up (<2%). In this
analysis, we used only definite and probable cases of PD.

Statistical analysis

We computed person-time of follow-up for each participant from the return date of the baseline
questionnaires to the date of the occurrence of the PD (PD first symptom), death from any
cause, or end of follow-up (2002 for men and 2000 for women), whichever came first. We
categorized baseline dietary pattern factors or diet-quality scores into quintiles, respectively.
In primary analyses, we calculated relative risk (RR) by dividing the incidence rate in dietary
pattern factors or score quintile by the corresponding rate in the reference quintile. Relative
risks (RRs) were derived from Cox proportional hazard models in which for age (in mo),
smoking status (never smoker, past smoker, current smoker of 1-14 cigarettes/d, or current
smoker of >15 cigarettes/d), BMI (<23, 23-24.9, 25-26.9, 27-29.9, or >30), use of non-
steroidal antiinflammatory drugs (yes or no), and intakes of total energy (kcal/d), caffeine
(quintiles), and alcohol (0, 1-4.9, 5-9.9, 10-14.9, or >15 g/d for women; 0, 1-9.9, 10-19.9,
20-29.9, or >30 g/d for men) were controlled for. We adjusted for the use of nonsteroidal
antiinflammatory drugs and caffeine intake because they have been shown to be inversely
associated with PD risk (27,28). All covariates were derived from baseline data. Linear trends
were tested for significance by using the median value for each quartile of intake and treating
this value as a continuous variable. Log RR from the 2 cohorts were pooled by a random-effects
model and weighted by the inverse of their variances (29). In our recent studies, we found that
an empirical dietary urate index, comprising intakes of alcohol, dairy protein, fructose, and
vitamin C, which reflects the overall effect of diet on plasma urate, was associated with PD
risk in the HPFS (X Gao, H Chen, HK Choi, G Curhan, MA Schwarzschild, A Ascherio,
unpublished observations, 2007). The urate index was calculated as follows: 0.013 x alcohol
(g/d) + 0.008 x fructose (g/d) — 0.009 x dairy protein (g/d) — 0.0003 x vitamin C (mg/d). We
therefore conducted secondary analyses further adjusted for urate index and dietary iron intake,
which was suggested to be positively associated with PD risk in previous studies (4,8).

We also examined interactions of the dietary pattern factors or diet-quality scores with baseline
age (<60 compared with >60 y), baseline smoking status (never compared with ever), estrogen
use (never compared with ever, for women only), baseline caffeine intake (above or below the
median), and baseline lactose intake (above or below the median). To test significance of
interactions, we included multiplicative terms in the Cox models, with adjustment for other
potential confounders. To address the possibility that dietary changes caused by early
symptoms of PD might affect the results, we conducted lag analyses by excluding the first 4y
of follow-up. To evaluate the robustness of our results, we also conducted sensitivity analyses
by excluding subjects with cancer or stroke at baseline. We used the SAS statistical package
(version 9; SAS Institute, Cary, NC) for all analyses.

We documented 318 PD cases in men and 190 in women. Two major dietary pattern factors
were identified (Table 1) in both men and women from principal components analysis: the
prudent dietary pattern and the Western pattern. The prudent dietary pattern was characterized
by high intakes of fruit, vegetables, legumes, whole grains, poultry, and fish; the Western
dietary pattern was characterized by high intakes of red meats, processed meats, refined grains,
French fries, desserts and sweets, and high-fat dairy products. The prudent dietary pattern is
consistent with higher scores on the AHEI or aMED; in contrast, the Western patterns was
correlated with a lower score (Appendix C). Furthermore, participants with a higher prudent
pattern, AHEI, or aMED scores also had similar healthy population characteristics: they
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exercised more, smoked less, had lower intakes of caffeine, and had higher intakes of energy,
dietary a-tocopherol, and vitamin C (Table 2 and Table 3). In contrast, participants with a
higher Western pattern score smoked more, exercised less, and reported higher intakes of
caffeine and lower intakes of dietary a-tocopherol and vitamin C.

We observed an inverse association between the prudent dietary pattern factor and risk of PD
in men and women combined (Table 4). After adjustment for age, smoking, caffeine, physical
activity, and other potential confounders, the pooled RR comparing the top with the bottom
quintile of the prudent pattern score was 0.78 (95% CI: 0.56, 1.07; P for trend = 0.04). The
association between Western dietary scores and PD risk was not statistically significant. A
higher score on the AHEI or aMED was also associated with a reduced risk of PD (Table 5).
For the AHEI, the pooled multivariate-adjusted RR for the top compared with the bottom
quintile was 0.70 (95% CI: 0.51, 0.94; P for trend = 0.01). Similarly, participants in the highest
aMED quintile were less likely to develop PD than were those in the bottom aMED quintile
(RR =0.75; 95% CI: 0.57, 1.00; P for trend = 0.07). After further adjustment for physical
activity, dietary urate index, and iron, the associations between dietary pattern factors or diet-
quality scores and PD risk did not materially change (data not shown). We also examined the
association between use of multivitamins and PD risk. The pooled multivariate-adjusted RR
for users compared with nonusers was 0.98 (95% CI: 0.82, 1.18; P = 0.86). Further adjustment
for multivitamin use did not materially change the statistical association between dietary
pattern and indexes and PD risk. Because dairy intake was not included in the AHEI and aMED,
we further adjusted for dairy intake, and the results did not change (data not shown).

We further explored possible interactions of the dietary patterns with age, BMI, cigarette
smoking, caffeine intake, lactose intake, and, in women, use of postmenopausal estrogens. We
found no significant interactions (P for interaction >0.05 for all), except for smoking and the
Western dietary pattern (P for interaction = 0.009). The Western pattern tended to be positively
associated with the risk of PD among never smokers, but not among ever smokers; however,
neither association was statistically significant (P for trend >0.2 in both analyses). It remains
unclear whether this significant association was driven by chance. Associations between the
dietary factors or indexes and PD risk did not change materially when participants with PD
during the first 4 y of follow-up or participants with cancer or stroke at baseline were excluded
(data not shown).

DISCUSSION

In these 2 large prospective cohorts of men and women, we found that the prudent dietary
pattern, characterized by high intakes of fruit, vegetables, whole grains, legumes, poultry, and
fish was associated with a lower risk of PD. Similar results were obtained for higher AHEI or
aMED scores, which suggests that a healthy dietary pattern with greater intakes of plant food
and fish and moderate intakes of alcohol is inversely associated with PD risk. The associations
were independent of smoking, caffeine intake, and other PD risk factors.

Compared with traditional single-food or nutrient methods, the dietary pattern approach is
appealing for several reasons. In reality, people eat combinations of food and nutrients, which
leads to a high collinearity among many of the nutrients and foods. It is often difficult to identify
the effect of a single food or nutrient on health outcomes. Dietary patterns represent a
combination of nutrients and foods; thus, they may be a more powerful predictor of health
outcomes than any single nutrient alone (9). Furthermore, a dietary pattern analysis offers an
approach for better understanding the complexities of eating behaviors of different population
groups and subgroups and may be used to effectively develop dietary intervention strategies
for target groups (30-33).
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The healthy diet, as identified in our analysis, was characterized by a high consumption of
fruit, vegetables, legumes, and cereals and a low consumption of meats. This diet provides
plenty of dietary antioxidants and folate and a limited amount of saturated fat, which may
contribute to the lower PD risk of individuals with healthy diets. There is substantial evidence
of a role of oxidative stress in PD (34-36), including increased oxidation in autopsy samples
of substantia nigra from brains of persons with PD (34,35), and that oxidative stress promotes
a-synuclein aggregation, which is most likely an important event in the pathogenesis of PD
(36). We previously observed an inverse association between dietary intakes of vitamin E, but
not of vitamin E from supplements, and PD risk in the NHS and HPFS population (7). A recent
meta-analysis also suggested that greater dietary vitamin E intakes might protect against PD
(2). The apparent discrepancy between vitamin E from foods and from supplements, however,
remains unexplained.

The plasma homocysteine concentration has been shown to be inversely associated with the
prudent dietary pattern factor in a subgroup of the HPFS (17). In an animal model, folate
deficiency and elevated homocysteine significantly sensitized dopaminergic neurons to a
subtoxic dose of 1-methyl 4-phenyl 1,2,3,6-tetrahydropyridine (37). Homocysteine may have
a neurotoxic effect by activating the N-methyl-D-aspartate receptor, which leads to cell death
(38,39), or may be converted into homocysteic acid, which also has an excitotoxic effect on
neurons (38,40). Polymorphism of methylenetetrahydrofolate reductase C677T, a major
determinant of plasma homocysteine, has been shown to be associated with risk of PD in the
Rotterdam Study (41), although no significant association was seen in a case-control study
conducted in Germany (42).

Our previous analysis indicated that the prudent dietary pattern or higher AHEI and aMED
scores were significantly associated with lower plasma inflammatory biomarker concentrations
(18,23), which may further contribute to lower PD risk among individuals with such a diet.
Chronic neuroinflammation may play a role in the pathogenesis of PD (43) and we previously
reported that the use of a nonsteroidal antiinflammatory drug was associated with a lower risk
of PD in this cohort and in another prospective cohort (28,44).

We did not observe a significant association between the Western dietary pattern and risk of
PD. The Western dietary pattern has been shown to be significantly associated with high plasma
homocysteine and inflammatory biomarkers in the HPFS and NHS (17,18). However, in some
case-control studies individuals with PD had significantly lower intakes of meat and eggs than
did controls (45,46). A greater intake of red meats or processed meats, which are major dietary
sources of purine, has been reported to be associated with higher plasma uric acid
concentrations (47). Two prospective studies showed that a higher plasma uric acid
concentration was significantly associated with a lower risk of PD (48,49). After further
adjustment for a dietary urate index, which reflects the effect of diet on plasma urate, the
association between a Western dietary pattern and PD risk became slightly stronger (RR for
quintile 5 versus quintile 1 increased from 1.29 to 1.35), although it remained nonsignificant
(P for trend = 0.4). Furthermore, we cannot exclude the possibility that a lack of association
between the Western dietary pattern and PD risk was due to chance. More studies are needed
to clarify this.

Because of the prospective design of the study, our results are unlikely to be significantly
affected by recall or selection bias. We also carried out several sensitivity analyses that
produced similar significant results. Known PD risk factors were adjusted in our analysis;
however, we cannot exclude the possibility of residual confounding by unknown risk factors.
Moreover, the dietary patterns defined by principal components analysis were data-driven but
not established a priori. The prudent pattern, therefore, does not necessarily define an optimal
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diet. However, similar results were obtained using a priori defined dietary indexes that
measured adherence to a healthy diet.

In

conclusion, the results of this large prospective study suggest that dietary patterns with a

high intake of fruit, vegetables, legumes, whole grains, nuts, fish, and poultry and a low intake

of

saturated fat and moderate intake of alcohol may protect against PD. The benefits of a plant-

based dietary pattern including fish to PD merit further investigation.
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APPENDIX A Alternate Healthy Eating Index

Component Criteria Score
Vegetables 5 servings/d 10; 1 point less for each 10% less than intake required for full
score
Fruit 4 servings/d Same as above
Nuts and soy 1 serving/d Same as above
Ratio of white to red meat Same as above
Cereal fiber 15 g/d Same as above
trans Fat <0.5% of energy >0.5 but <4% of energy 10
1 point less for each 10% increment in this range
>4% 0
Ratio of polyunsaturated to >1 10; 1 point less for each 10% less than intake required for full
saturated fat score
Long-term multivitamin use >5y 7.5 points for >5 y regular use; 2.5 for all others
Alcohol
Men: 1.5-2.5 servings/d; women: 0.5-1.5 10
servings/d
Intake < ideal 1 point less for each 10% less than ideal intake
Intake > ideal 1 point less for each 10% above ideal intake
Men: 0 or >3.5 servings/d; women: 0 or 0

>2.5 servings/d

APPENDIX B Alternate Mediterranean Diet Score

Component Criteria for 1 point:L

Vegetables Greater than median intake (servings/d)
Legume Same as above

Fruit Same as above

Nuts Same as above

Whole grains Same as above

Cereal fiber Same as above

Fish Same as above

Red and processed meat Less than median intake (servings/d)
Ratio of monounsaturated to saturated fat Greater than median intake (servings/d)
Alcohol 5-25g/d
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Component Criteria for 1 point:L

T o
0 points if these criteria are not met.

APPENDIX C Pearson’s correlation coefficients for dietary pattern scores and
diet quality indexes at baseline in the Health Professionals Follow-Up Study
(1986) and the Nurses’ Heath Study (1984)

Western dietary pattern Alternate Healthy Alternate Healthy
Eating Index Eating Index
Men 1 1 1
Prudent dietary pattern —0.08 0.72 1 0.68 1
Western dietary pattern -0.13 70.121
Alternate Healthy Eating Index 0.81
Women
Prudent dietary pattern —0.0001 0.601 0.70%
Western dietary pattern -0.111 70.0411
Alternate Healthy Eating Index 0.76
*p <0.0001.
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Pearson’s correlation coefficients for the relation between baseline food intakes and factors representing dietary
patterns in the Health Professionals Follow-Up Study (1986) and the Nurses’ Health Study (1984)!

Food

Men

Women

Factor 1 (prudent)

Factor 2 (Western)

Factor 1 (prudent)

Factor 2 (Western)

Other vegetables
Leafy vegetables
Yellow vegetables
Cruciferous vegetables
Legumes

Fruit

Tomatoes

Fish

Garlic

Poultry

Whole grains

Red meat
Processed meats
Refined grains
Desserts and sweets
French fries
High-fat dairy products
Eggs

High-sugar drinks
Snacks

Condiments
Margarine

Potatoes

Low-fat dairy
Olive oil
Mayonnaise

Pizza

0.75
0.64
0.63
0.63
0.61
0.58
0.56
0.51
0.42
0.36
0.35

0.67
0.63
0.60
0.61
0.55
0.60
0.45
0.50
0.34
0.43
0.41

Correlation coefficients <0.3 were omitted for simplicity.
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