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Abstract

Background: The role of dietary factors as risk or protective factors for Parkinson’s disease (PD) remains debated.
Objective: This retrospective case-control study aimed to evaluate the associations between foods identified through a
data-driven analysis and PD, and to compare the relevance of dietary versus non-dietary factors as contributors to PD
risk.

Methods: The study included 680 PD patients and 612 matched controls recruited from six Italian neurology centers.
Dietary data were collected using a validated 77-item food frequency questionnaire, and factor analysis was conducted to
identify groups of correlated foods (i.e., factors). Logistic regression models were used to assess the associations between
these factors and PD, while non-dietary factors were subsequently included in the model for comparison.

Results: Seven factors were identified, four of which were significantly associated with PD. High consumption of sweets
(Factor 1), red meat (Factor 3), and processed meats (Factor 6) was associated with an increased PD risk, whereas a high
fruit intake (Factor 2) was protective. These associations remained significant after adjusting for other known non-dietary
risk/protective factors. While the increased PD risk associated with dietary factors was weaker than that of non-dietary
factors, protective dietary and non-dietary factors showed comparable effects in reducing PD risk.

Conclusions: Data-driven analysis identified foods potentially influencing PD risk, although non-dietary factors demon-
strated a greater impact on PD risk. These findings highlight the need to integrate both diet and lifestyle habits into future
PD research and prevention strategies.

Plain language summary

Parkinson’s disease (PD) is a neurodegenerative disorder that affects millions of people worldwide. Scientists are still
studying what causes PD, and some think that diet might play a role. In our study, we looked at how different eating habits
might be linked to PD. We asked 680 people with PD and 612 people without PD about their food consumption habits.
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Then, we grouped these foods to see if certain eating habits were more common or uncommon in people with PD. We
found that people who often ate sweets, red meat, and processed meats had a higher chance of having PD. On the other
hand, people who ate a lot of fruit seemed to have a lower risk. However, we also found that other factors—such as
family history, exposure to pesticides, oils, metals, and general anesthesia—had a bigger effect on PD risk than
diet alone. This study suggests that eating habits might have some impact on PD, but they are not the main cause.
Future research should look at both diet and other lifestyle habits to better understand how to prevent PD.
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Introduction

Parkinson’s disease (PD) is considered a multifactorial disease
with numerous risk and protective factors contributing to its
pathogenesis." Given the evolving recognition of gastrointes-
tinal involvement in PD and the potential interaction between
the gut and brain,3 several controlled studies have examined
the effect of dietary factors on PD risk. Studies investigating
dietary factors in PD can be classified into two categories:
(1) studies assessing the effect of individual foods,*” and (ii)
studies assessing the combined effects of several foods.®™!!
However, investigations into the effects of single foods have
yielded variable results across studies, likely due to differences
in dietary habits among populations. Examining food associa-
tions rather than individual foods offers a more comprehensive
approach. Most studies following this approach have relied on
measuring adherence to pre-defined dietary patterns, such as
the Mediterranean diet, the Mediterranean-DASH Diet
Intervention for Neurodegenerative Delay (MIND) and the
Dietary Approaches to Stop Hypertension DIET (DASH).”
' Notably, these studies did not identify specific foods as
potential risk factors.

An alternative approach to identifying food associations
relevant to PD is the use of a data-driven methodology. To
our knowledge, only a few controlled studies (two longitu-
dinal cohort studies and two retrospective case-control
studies)'*'> have examined data-driven dietary patterns
potentially linked to PD. Three of these four studies failed
to identify any data-driven dietary pattern significantly
associated with PD risk,lz’m’15 while one cohort study
reported an association between a dietary pattern character-
ized by high intakes of fruit, vegetables, whole grains,
legumes, poultry, and fish and a lower PD risk.'® Several
factors, including relatively small sample sizes, recruitment
of unmatched controls, and the lack of simultaneous assess-
ment of a wide range of potential confounding variables,
may explain the inconsistency in results.

To address the role of foods in the development of PD
more effectively, we designed a large case-control study
examining a wide range of foods in an Italian population.
In this study, factor analysis was used to determine

whether specific food associations are present in the
Italian PD population. The identified food associations
were compared between PD patients and control subjects
using a logistic regression model, accounting for several
known non-dietary risk/protective factors for PD as poten-
tial confounders. Finally, the simultaneous assessment of
dietary and non-dietary risk/protective factors allowed us
to measure and compare their relative effect sizes. We
hypothesized that distinct foods may be associated with
PD risk, and that their relative contribution may differ
from that of established non-dietary risk/protective factors.

Methods

Study subjects

This is a retrospective case-control study conducted across
six Italian neurology centers from September 2018 to
September 2019. The methodology used to consecutively
enroll patients and controls has been described previ-
ously.'® In brief, idiopathic PD was diagnosed by senior
neurologists with expertise in movement disorders using
published standard criteria.'”'® Patients with monogenic
PD and other forms of parkinsonism were excluded.
Healthy controls were identified among relatives of neuro-
logic outpatients without PD who visited the neurology
departments during the study period. Controls were
frequency-matched to cases by 5-year age stratum, sex,
and referral center. Potential controls were excluded if
they had received treatment with drugs known to induce
parkinsonism or were related to a case in the study. Both
cases and controls were unaware of the study hypothesis.
The case-control ratio was approximately 1:1.

Diet questionnaire

Dietary data were collected using a validated 77-item food-
frequency questionnaire (FFQ) developed for a multicenter
case-control study on diet and cancer in Italy.'**° We used
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this questionnaire because it was designed and validated for
the Italian population: the questionnaire considered food
items that explained the largest amount of variance in nutri-
ent intake among Italian control subjects, as well as those
foods that made a large contribution to total absolute nutri-
ent and caloric intake in Italian control subjects.'®*° To
account for the seasonal variation of food consumption,
the frequency of use of some foods was asked for the
season in which the food is mainly available (e.g., tomatoes
in summer, oranges in winter, etc.). The FFQ assessed food
consumption frequencies prior to the onset of motor signs
for cases, and for the same pre-exposure period for
matched controls. The pre-exposure period was defined
by asking controls to report their dietary habits during the
same calendar period as their matched PD case’s pre-onset
phase. Participants specified the frequency of consumption
of each food item, categorized as: more than once a week
(score: 1.3), once a week (score: 1), less than once a
week but more than once a month (score: 0.7), less than
once a month (score: 0.3), or never/less than once a year
(score: 0). Vitamin D supplementation was recorded. The
questionnaire was administered in person by trained
medical interviewers to ensure consistency and reliability.

Non-dietary risk/protective factors

The non-dietary factors we considered in this study were from
a large case-control study allowing the simultaneous evalu-
ation of 31 putative risk/protective factors of PD, including
environmental and lifestyle habits, comorbid conditions, and
drugs.'® In the present study, we considered only those risk/
protective factors that yielded significant independent associ-
ation with PD, i.e., coffee consumption, smoking, physical
activity, family history of PD, dyspepsia, and exposure to pes-
ticides, petroleum oils, metals, and general anesthesia.'®
Coffee consumption was included among the non-dietary
risk/protective factors because it did not load on any of the
factors identified in the factor analysis and is often considered
a lifestyle habit, similar to smoking. Non-dietary risk factors
previously associated with PD were assessed using a semi-
structured questionnaire administered alongside the diet ques-
tionnaire.'® First-degree relatives were considered affected by
parkinsonism only if additional family members provided
medical documentation or if an investigator confirmed the
diagnosis. Participants were also asked about their occupation
using questions from a prior population-based case-control
study. Occupational exposure to pesticides, oils, metals, sol-
vents, and paints was evaluated.”' Smoking and coffee
habits were assessed using a semi-structured questionnaire
previously employed in dystonia studies.”> Questions referred
to the period before the onset of motor signs, and participants
were classified as never-smokers or non-drinkers accordingly.
The instrument was not specific for dystonia but only allowed
information to be collected in a standardized manner. Physical

activity prior to the onset of motor signs was evaluated by
converting 17 selected activities into metabolic equivalents
of task using the Pate model.*>**

Statistical analysis

Data cleaning included range and consistency checks.
Analyses were performed using STATA 11 (StataCorp,
College Station, TX). Data were expressed as percentages
or mean + SD, and groups were compared using y2 tests,
t-tests, or one-way analysis of variance with post hoc
tests, as appropriate.

Given the large number of foods we investigated, we
used factor analysis, an established statistical method, to
identify food associations. The advantages of this method-
ology include reducing data complexity, identifying
hidden factors, simplifying the interpretation of data by
grouping variables together under a single factor®>; disad-
vantages include subjectivity in making decisions about
the number of factors to extract, and overfitting which
occurs when the model fits the data too closely and is
unable to generalize to new data. Factor analysis included
principal component analysis (PCA) and exploratory
factor analysis (EFA). PCA conducted on the 77 dietary
variables (expressed as food intake frequency) classified
food items based on correlation and relevance before
extracting the food patterns. The retained factors were
made orthogonal using varimax rotation. Factors with
eigenvalues greater than 1.0 were retained, and variables
with factor loadings <0.3 were excluded.

To assess associations between foods and PD, non-
conditional logistic regression models adjusted for potential
confounders were computed for cases and controls.
Multivariate analysis began with all study variables in the
initial model. Variables were iteratively removed based on
p-value significance and changes in odds ratios (ORs),
resulting in a main-effects model. Estimates were adjusted
for age, sex, education level, and referral center.
Collinearity was assessed using correlation coefficients,
ensuring no values approached +1.

For dietary factors significantly associated with PD in
multivariate modeling, correlations between exposure and
disease duration (measured by motor symptom onset)
were evaluated among cases. Spearman’s rank correlation
analysis was also used to assess relationships between age
and selected dietary factors. All statistical tests were two-
tailed, and significance was set at p<0.05.

Ethical approval and consent

The study received approval from the local ethics commit-
tee on human experimentation (Sapienza University of
Rome Ethics Committee, No. 4734). Written informed
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Table |. Demographic and clinical features and non-dietary risk factor profile of Parkinson’s disease (PD) case patients and healthy

control subjects.

Variables

PD patients (N = 680)

Control subjects (N=612) p

Age, mean years + SD

Men, n (%)

Body mass index, mean + SD

Education, mean years of schooling + SD

Age at motor symptom onset, mean years + SD
Disease duration, mean years +SD
MDS-UPDRS part lll, mean score +SD

NMSS, mean score +SD

Family history of PD, n (%)

Dyspepsia, n (%)

Coffee (ever-drinkers), n (%)

Smoking (ever-smokers), n (%)

Physical activity (slight vs. moderate/substantial), n (%)
Exposure to pesticides, n (%)

Exposure to petroleum oils, n (%)

Exposure to metals, n (%)

General anesthesia, n (%)

67.9+9 (n. 674/680) 64.4+9.6 (n. 608/612) <0.01
405 (59.6) (n. 680/680) 323 (52.8) (n. 612/612) 02
26.1 +4.9 (n. 680/680) 25.7+5.3 (n. 612/612) 0.1
11.2+4.9 (n. 663/680) 12.4+4.3 (n. 604/612) <001
60.5+9.9 (n. 658/680) NA -
7.5+5.5 (n. 672/680) NA -

24.9 + 13.0 (n. 588/680) NA -
43.2+38.7 (n. 574/680) NA -

130 (19.1) (n. 673/680) 47 (7.7) (n. 609/612) <0.0001
190 (27.9) (n. 670/680) 118 (19.3) (n. 611/612) <0.0001
542 (79.7) (n. 674/680) 540 (88.2) (n. 611/612) <0.0001
314 (46.2) (n. 680/680) 317 (51.8) (n. 603/612) 0.04
313 (46.0) (n. 645/680) 355 (58.0) (n. 591/612) <0.0001
43 (6.3) (n. 680/680) 20 (3.3) (n. 612/612) 0.0l
38 (5.6) (n. 680/680) 7 (1.1) (n. 612/612) <0.000|
49 (7.2) (n. 680/680) 15 (2.5) (n. 612/612) <0.000|
60 (8.8) (n. 680/680) 8 (1.3) (n. 612/612) <0.0001

MDS-UPDRS: Movement Disorder Society Unified Parkinson’s Disease Rating Scale; NA: not available; NMSS: Non-Motor Symptoms Scale; PD:

Parkinson’s disease; SD: standard deviation.

Values in parentheses indicate the number of subjects with available data / total number of subjects.

consent for research participation was obtained from all
patients.

Results

A total of 1292 participants (680 PD patients and 612
healthy controls) met the eligibility criteria during the
study period, agreed to participate, and completed both
the study and risk factor questionnaires. The demographic
and clinical characteristics of PD patients and control sub-
jects, including non-dietary risk factors previously identi-
fied in this population, are summarized in Table 1. The
median time between the onset of motor symptoms in PD
cases and questionnaire administration was 5 years (IQR:
3-8 years). Cases and controls were similar in sex distribu-
tion and body mass index but differed in age and years of
education. Factor analysis identified seven major factors
among PD patients. Rotated factor loadings with absolute
values greater than 0.30 for individual food items are pre-
sented in Table 2. The retained food variables were categor-
ized as follows: Factor 1 (six types of sweets), Factor 2 (six
types of fruits), Factor 3 (six types of red meat), Factor 4
(five types of salad), Factor 5 (cruciferous vegetables,
peas, and beans), Factor 6 (cured meats), and Factor 7
(alcoholic beverages including wine, beer, and grappa).
Unadjusted comparisons between cases and controls
showed significant associations for Factors 1, 3, 5, and 6
with PD (Table 3). When analyzing individual foods
within these factors, most foods in Factors 1 (sweets), 3
(red meat), and 6 (cured meat) were directly associated
with increased PD risk. Conversely, citrus fruits within

Factor 2 contributed significantly to the inverse association
with PD (Supplemental Table 1).

The initial multivariate analysis model included age, sex,
years of education, referral center, dietary Factors 1 to 7,
and known non-dietary risk/protective factors for PD
(family history of PD, coffee consumption, smoking, phys-
ical activity, dyspepsia, and exposure to pesticides, petrol-
eum oils, metals, and general anesthesia). The final
main-effects model identified the following independent
risk factors: dietary Factors 1 (sweets), 3 (red meat), and
6 (cured meat), family history of PD, dyspepsia, and expos-
ure to pesticides, petroleum oils, metals and general anes-
thesia. Protective factors included dietary Factor 2 (fruit),
coffee consumption, and cigarette smoking. Physical activ-
ity was excluded from the final model due to confounding
by dietary Factors 1, 3, and 6. Table 4 presents the strength
of the estimates from the main-effects model, indicating that
non-dietary factors provided a potential greater contribution
to PD risk than dietary factors. A Directed Acyclic Graph
illustrating factor inclusion/exclusion rationale is provided
in the Supplemental Figure 1.

Spearman correlation analysis showed no significant
correlation between PD duration and the frequency of
Factors 2 (r=0.04, p=0.37), 3 (r=0.02, p=0.65), or 6
(r=-0.06, p=0.13) in PD patients. However, a significant
positive correlation was observed between PD duration and
Factor 1 (r=0.1, p=0.03). In both PD patients and healthy
controls, significant correlations were observed between
age and Factor 1 (PD patients: r=-0.21, p<0.0001;
control subjects: r=0.14, p=0.001) and Factor 6 (PD
patients: r=-0.1, p=0.01; control subjects: r=-0.11,
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Table 2. Results of factor analysis. Rotated factor loadings (pattern matrix) and unique variances.

Foods

Factor |

Factor 2

Factor 3

Factor 4

Factor 5 Factor 6 Factor 7

Bread

Crackers, Grissini, Melba Toast
Whole Wheat Bread

Polenta (Corn Meal)

Pizza

Risotto

Pasta/Rice With Butter/Oil
Pasta/Rice With Tomato Sauce
Pasta/Rice With Meat Sauce

Broth Or Light Soup

Vegetable Soup

Boiled, poached or raw eggs

Fried eggs, omelets

Chicken/turkey boiled
Chicken/turkey/broiled, fried or stewed
Steak/roast-beef/lean ground beef or veal
Boiled beef

Pork chop/paillard

Beef or veal stew/meat balls, etc.
Wiener Schnitzel

Liver

Prosciutto/lean processed meat
Ham

Salami/bologna/sausages

Canned meat

Fish/mollusks, boiled, broiled
Fish/mollusks, fried

Tuna/sardines, in oil pack

Ricotta cheese/mozzarella, as a

main course

Other cheeses, as a main course

All cheeses, in addition or as a snack
Spinach/other greens

Cruciferae

Peas/beans

Green and red salad

Salads with carrots, cucumbers, peppers
Tomatoes (in season)

Raw carrots

Cooked carrots

Onions

Artichokes (in season)

Boiled potatoes

Fried or roasted potatoes
Zucchini/eggplants/peppers (in season)
Citrus fruits (in season)
Apples/pears (in season)
Peaches/apricot/prunes (in season)
Melon (in season)

Grapes (in season)
Strawberries/cherries (in season)
Bananas

Cooked fruits

Citrus fruit juice, fresh (unsweetened)
Other fruit juices

Honey/jam

Biscuits

0.36

0.31
0.30
0.72
0.52
0.65
0.71

0.36

0.50
0.44
0.57
0.57
0.43

0.53
0.63

0.53
0.36
0.32

0.55
0.57
0.33

0.57
0.44

(continued)
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Table 2. Continued.

Foods Factor |

Factor 2

Factor 3 Factor 4 Factor 5 Factor 6 Factor 7

0.47
0.62
0.59
0.55
0.47

Croissants/doughnuts
Pastry/doughnuts with cream or custard
Plain cakes/Christmas and Easter cake, etc.
Fruit/jam pies

Chocolate snacks

Ice cream (in season)

Soft drinks

Candies

Milk

Yoghourt

Cappuccino

Coffee

Decaffeinated coffee

Tea

Sugar

Saccharin

Other artificial sweeteners
Wine

Beer

Grappa

Other spirits

Vitamin D supplementation

0.51
0.56
0.47

Table 3. Comparison of the overall food frequency in Factors | to 7 between cases and controls.

PD patients (mean frequency of

Factor consumption + SD)

Control subjects (mean frequency of
consumption = SD) p?

277+ 1.51
4.08 +1.02
342+ 1.46
3.01+1.40
1.47 +£0.60

Factor | (sweets)

Factor 2 (fruit)

Factor 3 (red meat)

Factor 4 (salads)

Factor 5 (Cruciferae — Peas/
beans)

Factor 6 (cured meat)

Factor 7 (alcohol beverages)

1.98 +0.88
1.08 +0.84

233+1.43
4.09+1.05
295+ 1.46
3.06+1.31
1.34+£0.62

<0.0001
0.26

<0.0001
0.64

<0.0001

1.70+0.93
.11 +£0.89

<0.0001
0.60

SD: standard deviation.
*The p-values were estimated using the t-test.

p=0.008). No significant correlations were found between
age and Factor 2 (PD patients: r=—-0.01, p=0.76; control
subjects: r=0.03, p=0.51) or Factor 3 (PD patients: r=

-0.03, p=0.4; control subjects: r=-0.03,
p=0.53).
Discussion

Factor analysis identified seven factors, four of which were
significantly associated with PD. Factor 1 (characterized by
six types of sweets), Factor 3 (characterized by six types of
red meat), and Factor 6 (characterized by cured meats) were
associated with an increased PD risk. In contrast, Factor 2
(comprising six types of fruit) was associated with a
reduced PD risk. For Factors 1, 3, and 6, most foods

contributed similarly to increased PD risk, whereas the pro-
tective effect of Factor 2 was primarily driven by the pres-
ence of citrus fruits. The associations between PD and these
foods remained statistically significant when included in a
logistic regression model accounting for non-dietary risk
factors identified in the same population. However, non-
dietary factors had a markedly stronger influence on PD
risk or protection than dietary factors.

An inherent limitation of the case-control design is the
difficulty in establishing the temporal sequence between
exposure and disease. Given the prolonged and often insidi-
ous onset of PD, diet may evolve following PD onset,
leading to cause-and-effect bias. Despite this, stratification
of cases based on disease duration revealed no increase in
the relative frequency of consumption of dietary factors as



142

Journal of Parkinson’s Disease 16(1)

Table 4. Results of multivariable logistic regression analysis in
680 cases with Parkinson’s disease and 612 controls (main-effects
model).

Variable Odds ratio (95% Cl), p

Dietary factors
Factor | (sweets)
Factor 2 (fruit)
Factor 3 (red meat)
Factor 6 (cured meat)
Non-dietary factors
Family history of PD
Dyspepsia
Coffee (ever-drinkers)
Smoking (ever-smokers)

1.20 (1.09—-1.32), <0.0001
0.84 (0.74-0.95), 0.008
1.15 (1.03-1.27), 0.01
1.32 (1.13-1.54), <0.0001

3.02 (2.02-4.54), <0.0001
.56 (1.15-2.13), 0.004
0.58 (0.35-0.97), 0.04
0.69 (0.54-0.91), 0.008

Pesticides 2.08 (1.13-3.84), 0.02
Oils 4.99 (1.98-12.57), 0.001
Metals 3.52 (1.73-7.1), <0.0001

General anesthesia 7.69 (3.36—17.60), <0.0001

Cl: confidence interval.

the disease progressed, suggesting that the associations are
unlikely secondary to the disease itself. However, the sig-
nificant correlation between PD duration and Factor 1
raises the possibility of bias in this specific case. Notably,
age showed opposite correlations with Factor 1 (sweets)
in patients and controls, suggesting that age-related con-
sumption patterns may have influenced the observed associ-
ation. Although age was included as a covariate in the
multivariate models, some residual confounding may
persist and should be considered when interpreting this
finding.

Correlation analysis highlighted two critical points.
First, the frequency of intake for Factors 2 (fruits) and 3
(red meat) did not vary with age in either PD patients or
controls. Second, the frequency of consumption for Factor
6 (cured meat) tended to increase with decreasing age in
both cases and controls. These findings suggest that the
associations between PD and Factors 2 (fruits), 3 (red
meat), and 6 (cured meat) are relatively stable across age,
supporting their potential role as risk modifiers for PD.
These observations align with previous studies showing
associations between fruits (Factor 2), red meat (Factor
3), and cured meat (Factor 6) and PD risk. The protective
effect of fruits in this study was primarily due to the
inverse association with citrus fruits, which may offer neu-
roprotective benefits through bioactive compounds such as
flavonoids, vitamin C, and terpenes, which have antioxidant
and anti-inflammatory properties.”*?® These mechanisms
reduce oxidative stress and inflammation, key contributors
to dopaminergic neuron degeneration in PD.* Further
research is needed to confirm these findings in clinical
settings.

The association between PD risk and red and processed
meat also has strong biological plausibility. High levels of
saturated fats, heme iron, and nitrites in these foods contribute

to oxidative stress, inflammation, and neurodegeneration.30
Advanced glycation end products (AGEs) formed during
high-temperature cooking exacerbate oxidative damage and
promote inflammatory pathways, further increasing PD
risk.>' These mechanisms strengthen the biological rationale
for the observed associations.

Our analysis did not identify a risk-modifying role for
certain foods (e.g., milk, animal-based fats, and vegetables)
previously linked to PD risk in other populations.'*3%~3*
Although carbohydrates (excluding free sugars) are a
major source of energy in the Italian diet, we could not iden-
tify any dairy or carbohydrate group in our PD sample. It is
possible that this reflects the specific dietary habit of the
Italian PD population.®® Similarly, some dietary component
previously described as protective factors,>* such as vegeta-
bles (Factors 4 and 5), were not significantly associated with
PD risk in our population. This does not necessarily imply a
lack of biological plausibility or potential benefit, but rather
reflects the relative weight of these foods within the overall
dietary landscape captured by our analysis.

A novel finding from this study is that the identified foods
were largely independent of widely accepted non-dietary
risk/protective factors. Most non-dietary factors were also
independent of the identified foods. Additionally, the signifi-
cant protective association between physical activity and
PD risk observed in prior studies'® may result from con-
founding by dietary factors such as sweets, red meat, and pro-
cessed meat. Given the protective role of physical activity
against other neurodegenerative diseases like Alzheimer’s
disease,>® this finding raises the possibility that the observed
benefits of physical activity may reflect related dietary habits.

Another important contribution of this study is the simul-
taneous assessment of dietary and non-dietary risk/protective
factors in the same sample. This allowed for a direct compari-
son of their relative effect sizes. Interestingly, the estimates of
the associations between PD and dietary risk factors (Factors
3 and 6) were weaker than the estimates from non-dietary
risk factors (e.g., family history, pesticide exposure). The
strong association observed between exposure to general
anesthesia and PD risk raises the question of whether anes-
thesia itself may contribute to PD development, possibly
through neurotoxic or inflammatory mechanisms, or
whether it reflects surgical procedures undertaken for pro-
dromal conditions (e.g., chronic constipation, autonomic
dysfunction, urinary disturbances) that precede PD diagnosis.
Future prospective studies are warranted to clarify the nature
of this association. In contrast, the protective effects of Factor
2 (fruits) and non-dietary factors such as coffee consumption
and smoking were of similar strength.

This study has strengths and limitations. While selection
bias due to the hospital-based design cannot be entirely
ruled out, the demographic and clinical features of the
study population closely resemble those of the general PD
population in Italy.** The large sample size provided suffi-
cient statistical power to examine all variables,?” supporting
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the exclusion of non-significant factors like Factors 4
(salads), 5 (cruciferous vegetables, peas, and beans), and
7 (alcohol beverages), and physical activity. The recruited
population was relatively homogeneous in terms of geo-
graphic origin and ethnicity, minimizing the potential for
regional variability in risk factors. Adjustments for recruiting
center further mitigated this concern. There was a small age
difference between cases and controls (<5 years), but this
was consistent with the study’s matching criteria and age
adjustments in the multivariate analysis further minimized
potential confounding effects. Given the retrospective assess-
ment, information from the FFQ may have been burdened by
recall bias. However, stratification of cases based on disease
duration revealed no change in the relative frequency of con-
sumption of dietary factors as the disease duration increased;
and a differential recall between case and control subjects was
unlikely because food consumption frequencies were assessed
prior to PD onset for cases, and for the same pre-exposure
period for matched controls. Dietary habits may have been
modified after disease onset, introducing a potential bias.
Although we sought to minimize this risk by assessing the sta-
bility of the identified foods and evaluating correlations with
disease progression, such bias cannot be completely ruled
out. A further limitation is the absence of a nutrition researcher
in the study team. Although we relied on a validated FFQ and
structured administration procedures, the administration of the
FFQ and the interpretation of food data might have benefited
from the involvement of researchers with specific expertise in
nutritional epidemiology. In addition, administration of the
FFQ only in one time point may have limited the ascertain-
ment of daily intake. The generalizability of our findings to
non-Italian or non-Mediterranean populations may be
limited due to cultural differences in dietary habits and life-
style. Finally, our statistical approach used a combination of
factor analysis and case-control comparison (by using a logis-
tic regression model accounting for several known non-dietary
risk/protective factors for PD as potential confounders) which
allowed better performance and more accurate results.

In conclusion, this study identified associations suggest-
ing that high consumption of meat and processed meat
may be linked to increased PD risk, while fruit consumption
may be associated with reduced risk. These associations were
independent of established non-dietary risk factors, although
food factors may exert some confounding effects on known
non-dietary factors like physical activity. Comparisons of
relative effect sizes suggest that food factors may have a
smaller impact on PD risk than non-dietary factors, while
the possible protective effects of fruit consumption are com-
parable to those of coffee and smoking. These findings
provide valuable insights for designing future risk factor
studies and prevention programs in PD.
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