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Background: Recent studies have highlighted the significant role of diet in the
development of Parkinson'’s disease (PD). However, research on the association
between diet quality and PD in the general adult population of the United States
remains limited. This study aims to assess the relationship between diet quality,
measured by the Healthy Eating Index 2015 (HEI-2015) score, and the risk of PD.

Methods: Data for this cross-sectional analysis were obtained from the National
Health and Nutrition Examination Survey (NHANES) from 2003 to 2018,
which includes a nationally representative sample of US adults. Diet quality
was measured using the HEI-2015 score, and weighted multivariable logistic
regressions and restricted cubic splines (RCS) were applied to examine the
correlation between HEI-2015 and PD. Threshold effects were computed using
a two-segment linear regression model. Subgroup and sensitivity analyses,
including multiple imputations, unweighted logistic regression, and exclusion of
participants with HEI-2015 scores beyond 3 standard deviations (mean + 3SD),
were performed to assess the robustness of the findings.

Results: A total of 29,581 US adults were included in the analysis, with 286
participants diagnosed with PD. In the fully adjusted multivariable model, each
10-pointincrease in the HEI-2015 score was associated with a 17% reduction in
the likelihood of PD (odds ratio (OR):0.858,95% confidence interval (Cl):0.742—
0.992, p = 0.039). Additionally, individuals with higher HEI-2015 scores had a
62% lower probability of developing PD compared to those with lower scores
(OR:0.518, 95%CI:0.297-0.906, p = 0.021). RCS analysis revealed a nonlinear
relationship between HEI-2015 scores and PD (p = 0.022). In the two-segment
regression models, participants with HEI-2015 scores > 55.500 had an adjusted
OR of 0.957 for developing PD (95% CI: 0.916-0.999, p = 0.045). In contrast,
no association was observed between HEI-2015 scores and PD in participants
with scores < 55.500. Subgroup analyses indicated the association was modified
by race and hyperlipidemia (P for interaction = 0.039 and 0.024, respectively).
Sensitivity analyses further confirmed the robustness of this association.

Conclusion: HEI-2015 is negatively associated with the prevalence of PD. This
suggests that modifiable lifestyle factors, particularly diet quality, may play an
important role in reducing the risk of PD.
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1 Introduction

Parkinson’s disease (PD) is one of the neurodegenerative
diseases with the fastest-growing prevalence worldwide (1). The
number of people with PD is predicted to grow significantly within
the next few decades due to the persistent global aging trend (2).
PD may lead to severe disability and impair quality of life while
also imposing a significant economic burden and placing
, 3, 4). Although
extensive research into the pathophysiology and treatment of PD,

considerable pressure on healthcare systems (I

no definitive cure has been identified. Early diagnosis and
preventive strategies are crucial. Identifying modifiable risk factors
that influence the onset and progression of PD is essential for
effective intervention (5-7). Recent studies have suggested that
various dietary factors, including magnesium, f-carotene, niacin,
selenium, added sugars, iron intake, western dietary patterns, and
the Mediterranean diet (MeDi), are associated with PD (6, 8-15).
These findings suggest that diet may serve as an essential
component in PD prevention.

The Healthy Eating Index 2015 (HEI-2015) is a well-known
instrument to evaluate the overall quality of diets because of the
importance of diet in health outcomes. It was developed on the
2015-2020 Dietary Guidelines for Americans (DGA), and it has
also been recommended for use during the 2020-2025 period (16,
17). It evaluates a broad range of dietary components, providing
a comprehensive measure of dietary patterns. Specifically,
HEI-2015 assesses 13 distinct dietary components, offering a
more nuanced understanding of complex eating habits compared
to other dietary assessment tools. It has been demonstrated to
provide a more profound understanding of the connection
between diet and health (18-22). Notably, studies have linked
HEI-2015 scores to several neurological disorders, including
stroke, depression, and cognitive decline function (23-25).
However, much of the existing research has focused on specific
aspects of diet, such as individual nutrients, food groups, or
isolated dietary patterns on PD. In contrast, the broader 92
relationship between overall diet quality, as measured by
HEI-2015, and the risk of PD remains insufficiently explored. This
gap highlights the need to investigate how general diet quality may
influence the onset and progression of PD.

This study employs a cross-sectional analysis, utilizing data
collected from the National Health and Nutrition Examination
Survey (NHANES) from 2003 to 2018. Our objective was to apply
a large, nationally representative sample from the NHANES
database to investigate the relationship between HEI-2015 scores
and PD. Our hypothesis was that higher HEI-2015 scores would
be related to a decreased risk of PD. Identifying dietary patterns
associated with PD could inform public health strategies and
clinical guidelines, offering valuable insights for both the prevention
and management of PD.

Abbreviations: PD, Parkinson’s disease; HEI-2015, Healthy Eating Index 2015;
NHANES, National Health and Nutrition Examination Survey; Cl, Confidence
interval; OR, Odds ratio; Ref, Reference; BMI, Body mass index; PA, Physical activity;
Q, Quartiles; RCS, Restricted cubic spline.
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2 Materials and methods
2.1 Data source

The NHANES is a comprehensive, ongoing study that evaluates the
nutritional status and general health of the citizens of the United States
who are not institutionalized. This nationally representative survey
utilizes a stratified, multistage design to ensure the data accurately
reflects the broader U.S. demographic. NHANES collects detailed
information across various domains, including demographics,
socioeconomic status, dietary intake, and medical conditions. Data
collection primarily occurs through home interviews, which are
supplemented by laboratory tests, including blood analysis (26).

The NHANES documentation
documentation of the study’s methodology and analytical procedures
that are accessible to the public.' The National Center for Health
Statistics (NCHS) ethical review board examined and consented to the

contains comprehensive

NHANES procedures. After enrolling, participants in the survey
furnish their written informed permission. There was no need for
extra ethical approval or participant permission because this study
used deidentified data that was publicly accessible.

2.2 Study design and population

This study employs a cross-sectional design, utilizing data from
eight NHANES survey cycles conducted between 2003 and 2018. The
analysis included individuals aged 20 years and older who had
completed the survey interview with available dietary assessments and
PD-related data. Several exclusion criteria were applied to ensure the
validity of the dataset. Participants were excluded if they were
pregnant, had missing HEI-2015 data, had missing data on PD, or
lacked data on relevant covariates. Figure | presents the specific
inclusion and exclusion criteria in detail.

2.3 Assessment of HEI-2015

The primary exposure in this study was HEI-2015, a commonly used
instrument to assess the quality of diets. Detailed dietary intake data were
collected from NHANES participants through two 24-h dietary recalls.
The first dietary recall was conducted during an in-person interview at
the Mobile Examination Center (MEC), and the second recall took place
by telephone 3 to 10 days later. These recalls were intentionally scheduled
on different days of the week, including both weekdays and weekends, to
capture intra-individual variation in dietary intake. NHANES adjusts for
potential day-of-week biases using specialized weights: WTDRD1 for
single-day data and WTDR2D for two-day data, ensuring proportional
representation of weekday and weekend recall combinations.> These two
sets of dietary information were combined and used to assess overall diet
quality and calculate various dietary quality indicators. The HEI-2015
score, which ranges from 0 to 100, comprises 13 components. The
components are divided into two categories: nine adequacy components,

1 https://www.cdc.gov/nchs/nhanes/

2 https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx
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44790 Participants aged >20 years in
NHANES 2003-2018

10553 Excluded
9757 Missing data on HEI-2015

“1 771 Pregnant women

v 25 Missing data on PD
34237 Participants included
Artieipans meftde 4656 Excluded

2647 Missing data on income
1572 Missing data on drinking

| 299 Missing data on BMI

71 95 Missing data on coronary

v heart discase
19 Missing data on education
29581 Participants included 13 Missing data on Smoking
11 Missing data on marital status
in final analysis
y Y
286 With PD 29295 Without PD
FIGURE 1
Flowchart of participants selection. HEI-2015, Healthy Eating Index 2015; BMI, body mass index; PD, Parkinson’s disease.

which include total fruits, whole fruits, vegetables, greens and beans, total
protein foods, seafood and plant proteins, whole grains, dairy, and fatty
acids (each scored between 0-5 and 0-10 points), and four moderation
components, which include sodium, refined grains, added sugars, and
saturated fats (each scored from 0 to 10 points) (17). A higher HEI-2015
score indicates a higher-quality diet and greater adherence to dietary
recommendations. Two dietary recalls were conducted on participants
in order to have an extensive overview of their daily food intake. The
mean of these two recalls (DRITOT and DR2TOT) was used for analysis
(27, 28).

Given the wide range of possible HEI-2015 scores, which span
from 0 to 100, the effect of each incremental change in the HEI-2015
score on PD prevalence is relatively small. Therefore, we initially
examined the association between a 10-point increase in the HEI-2015
score and PD prevalence. Furthermore, to explore the relationship
between dietary quality and PD risk across different dietary quality
levels, the HEI-2015 scores were divided into quartiles, following the
approach used in previous studies (18, 19, 21, 22, 29). These quartile
boundaries were as follows: Q1 (<44.264), Q2 (44.265-53.207), Q3
(53.208-62.857), and Q4 (>62.858).

Detailed criteria for scoring the HEI-2015 are provided in

2.4 Assessment of PD

PD was the outcome variable in this study. The criteria for defining
PD were consistent with established definitions in the literature

Frontiers in
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Medications records, specifically prescriptions categorized as
“ANTIPARKINSON AGENTS,” were used. This classification was
based on participants’ self-reported use of prescribed medications.

). To identify participants with PD, data from the Prescription

Due to limitations in the NHANES dataset, only individuals actively
treated for PD with antiparkinsonian medications were classified as
having PD. Participants not using these medications were
considered non-PD.

2.5 Covariates

In this study, various covariates were adjusted based on established
research (9, 12, 31, 32). These included demographic factors such as
age, sex, race/ethnicity (non-Hispanic White, non-Hispanic Black,
Mexican American, other Hispanic, and other races) and marital
status (married/living with a partner vs. living alone, including never
married, separated, divorced, and widowed). Socioeconomic factors,
including family income and education level, were also considered.

Age was categorized into two groups: <60 and >60 years. Family
income was categorized based on the poverty income ratio (PIR) into
three groups: low (PIR < 1.3), medium (PIR 1.3-3.5), and high
(PIR > 3.5). Education level was classified as less than high school,
high school or equivalent, and above high school.

Lifestyle factors, such as smoking status and alcohol consumption,
were incorporated. By existing literature, smoking status was defined
as never smokers (having smoked fewer than 100 cigarettes in their
lifetime), former smokers (having smoked more than 100 cigarettes
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but having since quit), or current smokers (having smoked more than
100 cigarettes and still smoking). Alcohol consumption was classified
into five categories: never drinkers (individuals who have never
consumed alcohol), former drinkers (those who have consumed
alcohol at least once but did not drink in the past year), mild drinkers
(<1 drink per day for females or <2 drinks per day for males),
moderate drinkers (>2 drinks per day for females, >3 drinks per day
for males, or engaging in binge drinking on >2 days per month), and
heavy drinkers (>3 drinks per day for females, >4 drinks per day for
males, or binge drinking on >5 days per month).

Anthropometric and physical activity data were also included.
Body mass index (BMI) was categorized as <25, 25-30, and
>30 kg/m”’. Physical activity (PA) was measured using MET-minutes
per week, incorporating activity type, frequency, and duration. MET
values for different activities were obtained from the NHANES
database, and PA was calculated using the following formula: PA
(MET-min/week) = MET x weekly frequency x duration (33, 34).

Additionally, certain self-reported medical conditions were
considered, including coronary heart disease (diagnosed by a doctor),
hyperlipidemia, and diabetes (all classified as yes/no). Hyperlipidemia
was defined by any of the following: TG > 150 mg/dL, total cholesterol
>200 mg/dL, LDL-C > 130 mg/dL, HDL-C < 40 mg/dL, or current
use of hypolipidemic medications. Diabetes was diagnosed based on
any of the following: self-reported doctor’s diagnosis, HbAlc > 6.5%,
fasting glucose > 7.0 mmol/L, random glucose > 11.1 mmol/L, 2-h
glucose tolerance test > 11.1 mmol/L, or use of insulin or
diabetic medications.

2.6 Statistical analysis

In accordance with NHANES analysis guidelines (26, 35), this
study accounted for the complex sampling design and sampling
weights. We used dietary weights recommended by the Centers for
Disease Control and Prevention (CDC).? Specifically, the second-day
dietary sample weight (WTDRD2) from NHANES 2003-2018 data
was applied. The exact sampling weight used was 1/8 WTDRD2.

In the baseline characteristics table, continuous variables with a
normal distribution were presented as means and standard
deviations (SD). Values for non-normal continuous variables were
presented as the median and interquartile range (IQR). Cases (n)
and percentages (%) were used to display categorical variables. The
chi-square test for categorical variables across groups and the
one-way analysis of variance (ANOVA) for continuous variables
with a normal distribution were the suitable tests used for statistical
comparisons. We used the Kruskal-Wallis rank sum test for
continuous variables with non-normal distributions. Given the large
sample size in this study, missing data were managed by excluding
incomplete records from the analysis. To examine the correlation
between HEI-2015 scores and PD, weighted multivariable logistic
regression was employed. This method was used to calculate the
odds ratios (ORs) and 95% confidence intervals (95% CIs) for the
association between a 10-point increase in HEI-2015 scores,
categorical variables (which were divided into quartiles), and PD

3 https://www.cdc.gov/nchs/nhanes/
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risk while adjusting for potential confounders. The regression
models were as follows: Model 1, unadjusted. Model 2, adjusted for
age, sex, race, marital status, family income, and educational level.
Model 3, adjusted for variables in Model 2, with additional
adjustments for smoking status, alcohol consumption, PA, and
BMI. Model 4, further adjusted for coronary heart disease,
hyperlipidemia, and diabetes, in addition to the factors in Model 3.
The same analytical methodology was applied to explore the
associations between the 13 distinct elements of the HEI-2015 and
PD risk.

Using a three-knot limited cubic spline, the weighted restricted
cubic spline model was utilized to evaluate the dose-response
association between HEI-2015 and PD. A two-piecewise logistic
regression model was established to examine the connection.
Confounders included in Model 4 were adjusted for in the analysis.

To assess whether the relationship between HEI-2015 scores and
PD remains consistent across different populations, interaction and
subgroup analyses were performed. These analyses were based on age
groups (<60 vs. >60 years), sex (male vs. female), ace (non-Hispanic
White vs. other races), marital status (married or living with partners
vs. living alone), smoking status (never smokers vs. former or current
smokers), BMI categories (<25 vs. >25kg/m?), and presence of
hyperlipidemia (no vs. yes). Logistic regression models and likelihood
ratio tests were used to assess heterogeneity and interactions across
these subgroups.

2.7 Sensitivity analyses

To enhance the robustness of our findings, multiple imputations
were employed to address missing covariates data, thus reducing
potential selection bias that could arise from excluding participants
with incomplete information. This approach generated five complete
datasets, and the results from these datasets were then aggregated.
Additionally, a sensitivity analysis was conducted using unweighted
logistic regression to further examine the relationship between
HEI-2015 scores and PD. To guarantee the analysis’s validity, extreme
values of HEI-2015 scores (those outside the range of mean + 3SD)
were excluded. The association between PD and HEI-2015 scores was
then examined using the weighted multivariate logistic regression
model previously indicated.

R version 4.2.2 and Free Statistics software version 2.0 (Beijing,
China) were used for statistical analyses. All participants were
included in a descriptive study, and a two-sided p-value of less than
0.05 was considered statistically significant. The data were analyzed
from August to November 2024.

3 Results
3.1 Study population

In the NHANES study conducted from 2003 to 2018, which
involved 44,790 individuals aged 20 years or older, 15,209 participants
were excluded. Specifically, 771 individuals were excluded due to
pregnancy, 9,757 lacked HEI-2015 data, 25 had missing information
on PD, and 4,656 had unavailable covariate data. Consequently, the
final analysis included 29,581 participants (Figure 1).
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3.2 Baseline characteristics of the
participants

The weighted distribution and baseline characteristics of
participants, categorized by HEI-2015 quartiles, are presented in
Table 1. The final analysis included a total of 29,581 individuals,
which represents approximately 193.88 million adults in the
United States aged 20 years or older. The research population’s
weighted mean age was 47.57 years (standard deviation
(SD) = 16.87), with 48.76% of participants identifying as male and
51.24% as female. Participants in the higher quartiles of HEI-2015
scores tended to be older, more likely to be female, non-Hispanic
White, and married or living with a partner. They also reported mild
alcohol consumption, had a lower BMI, and had higher family
incomes. Additionally, higher education levels and higher metabolic
equivalent (MET) values for PA were also associated with
participants in the higher quartiles. Participants with higher
HEI-2015 scores had a prevalence rate of 0.54%.

Participants with PD were older than those without PD, with a
mean age of 61.21years (SD=16.01) compared to non-PD
participants. They also had a higher BMI, with a mean BMI of 30.56
(SD = 7.20) compared to 29.27 (SD = 6.94) in non-PD participants.
Additionally, participants with PD had lower MET values than those
without PD (Supplementary Table S2).

3.3 Association between HEI-2015 and PD

The correlation between HEI-2015 scores and PD risk was
evaluated using weighted logistic regression models, with results
presented in Table 2.

A 10-point increase in HEI-2015 score was negatively associated
with PD risk across all models. In Model 1 (unadjusted), OR was 0.881
(95% CI: 0.779-0.997, p = 0.045). In Model 2 (minimally adjusted),
the OR was 0.816 (95% CI: 0.713-0.934, p = 0.003), and in Model 3,
the OR remained 0.858 (95% CI: 0.743-0.992, p = 0.038). In the fully
adjusted model (Model 4), the OR was 0.858 (95% CI: 0.742-0.992,
p=0.039).

Using quartiles of HEI-2015 scores, higher scores were associated
with a lower PD prevalence in all models. In all models, individuals in
the fourth quartile showed a lower prevalence of PD than those in the
first: Model 1 (OR: 0.559, 95% CI: 0.332-0.943, p = 0.030), Model 2
(OR: 0.436, 95% CI: 0.255-0.744, p = 0.003), Model 3 (OR: 0.520, 95%
CI: 0.298-0.908, p = 0.022), and Model 4 (OR: 0.518, 95% CI: 0.297-
0.906, p = 0.021).

3.4 Association of components of HEI-2015
with PD

Logistic regression models were used to assess the relationship
between individual components of the HEI-2015 and the risk of
PD. In Model 4, several components showed a significant negative
association with PD risk, including total vegetables (OR: 0.812, 95%
CI: 0.706-0.933, p = 0.004), greens and beans (OR: 0.884, 95% CI:
0.803-0.973, p =0.013), total protein foods (OR: 0.811, 95% CI:
0.697-0.942, p = 0.007), seafood and plant proteins (OR: 0.922, 95%
CI: 0.859-0.990, p = 0.027), and added sugars (OR: 0.941, 95% CI:
0.893-0.991, p = 0.022). Conversely, sodium score was positively
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associated with PD risk (OR: 1.071, 95% CI: 1.006-1.114, p = 0.031).
No significant correlations were identified with other HEI-2015
components (Supplementary Table S3).

3.5 Dose—response non-linear relationship
analysis

As illustrated in Figure 2, the non-linearity test’s p value was 0.022,
indicating a non-linear correlation between HEI-2015 and PD. The
analysis was adjusted for confounders, including age (as a continuous
variable), sex, race, marital status, family income, educational level,
smoking status, drinking status, physical activity, BMI, coronary heart
disease, hyperlipidemia, and diabetes.

In the two-piecewise regression model, a statistically reverse
association between HEI-2015 scores and PD risk was observed only
in participants with HEI-2015 scores > 55.500 (adjusted OR = 0.957,
95% CI: 0.916-0.999, p = 0.045). No significant relationship was found
for those with HEI-2015 scores < 55.500 (Table 3).

3.6 Subgroup analyses

In order to evaluate the consistency of the relationship between
each 10-unit increase in HEI-2015 scores and PD risk across
different populations, we performed subgroup analyses using the
fully adjusted logistic regression model. Stratification by age, sex,
marital status, BMI, and smoking status revealed no statistically
significant interactions (all P for interaction > 0.05, Figure 3).
However, race and hyperlipidemia were identified as effect
modifiers. Results showed significant differences in non-Hispanic
White and other races (OR = 0.894 and 0.716, respectively; P for
interaction = 0.039).

Furthermore, a significant protective association was found
between HEI-2015 scores and PD risk in individuals without
(OR=0.701, 95% CIL 0.526-0.934, P for
interaction = 0.024). However, no significant association was observed

hyperlipidemia

in individuals with both PD and hyperlipidemia, suggesting that the
protective effect of a high-quality diet may be weakened in this group.

3.7 Sensitivity analyses

Initially, we conducted multiple imputations for missing covariate
data. We generated five imputed datasets and conducted multivariable
logistic regression to verify the accuracy and reliability of our results.
In model 4, for every 10-point rise in the HEI-2015 score, the
likelihood of PD prevalence dropped by 15.1% (OR:0.849,
95%CI:0.777-0.928, p < 0.001). Stratification by HEI-2015 quartiles
showed that participants in higher quartiles had a lower risk of
PD. Specifically, the odds of having PD were considerably lower for
Q3 (OR = 0.709, 95% CI: 0.52-0.966, p = 0.029) and Q4 (OR = 0.582,
95% CI: 0.418-0.811, p = 0.001) (Table 4).

In addition, a sensitivity analysis using unweighted logistic
regression confirmed the stability of these results (Supplementary
Table S4).

To validate the robustness of these findings, excluding outliers
(HEI-2015 scores outside mean + 3SD) did not change the results. In
Model 4, each 10-point increase in HEI-2015 score was still associated
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TABLE 1 Characteristics of participants by categories of HEI-2015: NHANES 2003-2018, weighted.

Characteristics Total Quartiles (Q) of HEI-2015
(weighted) 31 (<44.086) Q2(44.087- Q3 (53056~ Q4 (62.714)
53.055) 62.714)
NO. (10,000) 19388.51 5163.89 4844.26 4694.48 4685.89
Age (years), mean (SD) 47.57 (16.87) 43.08 (16.10) 46.54 (16.54) 48.96 (16.93) 52.19 (16.60) <0.0001
Sex, n (%)
Male 9453.39 (48.76) 2810.62 (54.43) 2482.44 (51.25) 2180.26 (46.44) 1980.06 (42.26) <0.0001
Female 9935.12 (51.24) 2353.26 (45.57) 2361.82 (48.75) 2514.22 (53.56) 2705.82 (57.74)
Race, n (%)
Non-Hispanic White 13551.75 (69.90) 3606.40 (69.84) 3324.15 (68.62) 3255.49 (69.35) 3365.72 (71.83) <0.0001
Non-Hispanic Black 2064.75 (10.65) 670.14 (12.98) 566.79 (11.70) 480.81 (10.24) 347.00 (7.41)
Mexican American 1533.12 (7.91) 413.00 (8.00) 405.58 (8.37) 395.79 (8.43) 318.75 (6.80)
Other Hispanic 915.27 (4.72) 203.26 (3.94) 216.23 (4.46) 238.07 (5.07) 257.70 (5.50)
Other 1323.62 (6.83) 271.08 (5.25) 331.51 (6.84) 324.32 (6.91) 396.72 (8.47)
Marital status, n (%)
Married or Living with
12303.16 (63.46) 3072.81 (59.51) 3056.85 (63.10) 3025.44 (64.45) 3148.06 (67.18) <0.0001
a partner
Living alone 7085.34 (36.54) 2091.07 (40.49) 1787.40 (36.90) 1669.04 (35.55) 1537.82 (32.82)
Family income, n (%)
<1.30 3998.80 (20.62) 1344.11 (26.03) 1069.42 (22.08) 941.63 (20.06) 643.64 (13.74) <0.0001
1.31-3.50 6868.81 (35.43) 1989.39 (38.53) 1767.45 (36.49) 1607.34 (34.24) 1504.63 (32.11)
>3.50 8520.89 (43.95) 1830.38 (35.45) 2007.39 (41.44) 2145.50 (45.70) 2537.62 (54.15)
Education level, n (%)
Less than high school 2783.09 (14.35) 926.16 (17.94) 725.29 (14.97) 636.93 (13.57) 494.71 (10.56) <0.0001
High school or
4574.63 (23.59) 1552.75 (30.07) 1258.01 (25.97) 1005.70 (21.42) 758.17 (16.18)
equivalent
Above high school 12030.78 (62.05) 2684.98 (52.00) 2860.96 (59.06) 3051.85 (65.01) 3433.00 (73.26)
Smoking status, n (%)
Never 10577.50 (54.56) 2499.34 (48.40) 2538.78 (52.41) 2656.09 (56.58) 2883.29 (61.53) <0.0001
Former 4912.28 (25.34) 1031.06 (19.97) 1176.35 (24.28) 1309.67 (27.90) 1395.21 (29.77)
Now 3898.73 (20.11) 1633.49 (31.63) 1129.13 (23.31) 728.71 (15.52) 407.39 (8.69)
Drinking status, n (%)
Never 2036.45 (10.50) 478.45 (9.27) 486.87 (10.05) 502.22 (10.70) 568.9 (12.14) <0.0001
Former 3048.55 (15.72) 943.62 (18.27) 764.07 (15.77) 694.55 (14.80) 646.30 (13.79)
Mild 6978.98 (36.00) 1574.63 (30.49) 1633.36 (33.72) 1747.14 (37.22) 2023.86 (43.19)
Moderate 3360.57 (17.33) 876.83 (16.98) 829.98 (17.13) 841.10 (17.92) 812.67 (17.34)
Heavy 3963.96 (20.44) 1290.36 (24.99) 1129.98 (23.33) 909.46 (19.37) 634.16 (13.53)
BMI (kg/m?),mean (SD) 29.01 (6.84) 29.85 (7.43) 29.30 (6.89) 28.96 (6.68) 27.82 (6.05) <0.0001
Coronary heart disease, n (%)
No 18675.61 (96.32) 5005.87 (96.94) 4692.73 (96.87) 4514.61 (96.17) 4462.40 (95.23) 0.0003
Yes 712.89 (3.68) 158.02 (3.06) 151.53 (3.13) 179.86 (3.83) 223.48 (4.77)
Hyperlipidemia, n (%)
No 5923.40 (30.55) 1568.32 (30.37) 1524.08 (31.46) 1403.02 (29.89) 1427.99 (30.47) 0.5799
Yes 13465.11 (69.45) 3595.57 (69.63) 3320.18 (68.54) 3291.46 (70.11) 3257.90 (69.53)
Diabetes, 1 (%)
No 16784.83 (86.57) 4554.91 (88.21) 4195.99 (86.62) 4029.57 (85.84) 4004.36 (85.46) 0.0021
(Continued)
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TABLE 1 (Continued)

Characteristics Total Quartiles (Q) of HEI-2015
(weighted) 11 <44086) Q244087 Q3(53.056- Q4 (>62714)
53.055) 62.714)

Yes 2603.68 (13.43) 608.98 (11.79) 648.27 (13.38) 664.91 (14.16) 681.52 (14.54)
Parkinson, n (%)

No 19214.47 (99.10) 5114.42 (99.04) 4794.76 (98.98) 4644.61 (98.94) 4660.68 (99.46) 0.1342

Yes 174.04 (0.90) 49.46 (0.96) 49.50 (1.02) 49.878 (1.06) 25.21 (0.54)
PA (MET-min/wk), 960.00 819.00 (60.00, 759.83 (63.00, 900.00 (91.00, 1200.00 <0.0001
median (IQR) (120.00,3360.00) 3855.69) 3360.00) 2880.00) (260.40,3360.00)

Mean + SD for continuous variables, p-value was by weighted linear regression. % for categorical variables, the P-value was by survey-weighted Chi-square test. Q1 represents the unhealthiest
diet quality, and Q4 represents the healthiest diet quality. p < 0.05 presents a significant difference. HEI-2015, Healthy Eating Index 2015; BMI, body mass index; PA, physical activity.

TABLE 2 Association of HEI-2015 with PD, weighted.

Variables Model 1 Model 2 Model 3 Model 4
OR (95%CI) p-value OR (95%CI) p-value OR (95%Cl) p-value OR(95%Cl) p-value
HEI-2015 Per 0.881 (0.779- 0.816 (0.713- 0.858 (0.743- 0.858 (0.742-
0.045 0.003 0.038 0.039
10-points increase 0.997) 0.934) 0.992) 0.992)
Quartile (Q) of HEI-2015
QI (<44.086) 1(Ref) 1(Ref) 1(Ref)
Q2 (44.087- 1.067 (0.663— 0.972 (0.602- 1.034 (0.640- 1.035 (0.637-
0.787 0.906 0.889 0.888
53.053) 1.771) 1.569) 1.672) 1.682)
Q3 (53.054- 1.110 (0.640—- 0.916 (0.518- 1.038 (0.565- 1.036 (0.565-
0.708 0.760 0.904 0.907
62.714) 1.926) 1.618) 1.908) 1.898)
0.559 (0.332- 0.436 (0.255- 0.520 (0.298- 0.518 (0.297-
Q4 (>62.715) 0.030 0.003 0.022 0.021
0.943) 0.744) 0.908) 0.906)
P for trend 0.072 0.007 0.067 0.064

Model 1, adjusted for none. Model 2, adjusted for age, sex, race, marital status, family income, and educational level. Model 3, adjusted for age, sex, race, marital status, family income,
educational level, smoking status, drinking status, physical activity, and BMI. Model 4, adjusted for age, sex, race, marital status, family income, educational level, smoking status, drinking
status, physical activity, BMI, coronary heart disease, hyperlipidemia, and diabetes. BMI, body mass index; OR, odds ratio; CI, confidence interval; Ref, reference; HEI-2015, Healthy Eating

Index-2015; PD, Parkinson’s disease.

with a lower PD risk (OR = 0.859, 95% CI: 0.743-0.993, p = 0.040).
Participants in the highest HEI-2015 quartile (Q4) remained less likely
to develop PD (OR=0.559, 95% CI: 0.319-0.780, p =0.042)
(Supplementary Table S5).

These analyses confirm the robustness and consistency of the
findings, highlighting the protective role of higher HEI-2015 scores
against PD risk.

4 Discussion

The present study investigates the relationship between HEI-2015
and PD risk using a sizable, nationally representative sample from the
NHANES database. Our findings demonstrate that a 14.2% decrease
in PD prevalence was related to a 10-point rise in the HEI-2015 score,
suggesting that higher diet quality may reduce PD risk. The prevalence
of PD was 48.2% lower among participants in the top HEI-2015
quartile than those in the lowest quartile. These findings remained
robust after adjusting for demographic, lifestyle, and health-related
variables and were consistent across various sensitivity analyses.

Previous studies have examined the effects of specific dietary
categories or nutrients on PD risk. However, our findings suggest that
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overall diet quality, as assessed by HEI-2015, is associated with a lower
risk of PD. Notably, our study identified race and hyperlipidemia as
potential effect modifiers in the correlation between HEI-2015 and
PD, indicating that the protective effect of diet quality may vary by
these factors.

Our findings align with a comprehensive review of prior
literature, including 24 studies, that identified compounds like
kaempferol in fruits and vegetables as having neuroprotective
potential (36). Additionally, Satyam et al. (37) proposed that the
intake of seafood and plant-based proteins helps support
endogenous antioxidant systems, thereby protecting neuronal
components from oxidative stress and reducing the risk of
neurodegenerative diseases. Furthermore, evidence from recent
studies suggests that Vicia faba L. (broad beans) demonstrates
potential neuroprotective properties against PD (38, 39). A recent
cross-sectional study using data from the NHANES database on
American, reveals that excessive sugar consumption is positively
associated with PD risk. This finding is consistent with the HEI-2015
guidelines, which recommend moderating sugar intake, and aligns
with our research results (40). However, our study found no
significant correlation between whole grains and PD risk, which
contrasts with a large prospective study involving 131,368

frontiersin.org


https://doi.org/10.3389/fnut.2025.1541271
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Huetal. 10.3389/fnut.2025.1541271

4- ! P for non—linearity: 0.022

' P for overall: 0.762

I Ref point: 53.06
1
1
1
1
1
1
1
i 1
3 1
1
1
1
1
1
1
1
o 1
Q 1
© 21 !
@/ 1
& 1
O 1
1
1
1
1
1
1
1

25 T 50 75 100
Hei-2015 score
FIGURE 2

interval; HEI-2015, Healthy Eating Index-2015; PD, Parkinson’s disease.

Non-linear restricted cubic spline (RCS) plot between HEI-2015 and PD. The blue line indicates the dose-response relationship between HEI-2015 and
PD. The blue area represents the 95% confidence interval. Adjusted for age, sex, race, marital status, family income, educational level, smoking status,
drinking status, physical activity, BMI, coronary heart disease, hyperlipidemia, and diabetes. BMI, body mass index; OR, odds ratio; Cl, confidence

TABLE 3 Threshold effect analysis of the relationship of HEI-2015 with
PD.

HEI-2015 Adjusted model

OR (95%Cl) p-value
<55.500 0.985 (0.956-1.014) 0.308
>55.500 0.957 (0.916-0.999) 0.045

HEI-2015, Healthy Eating Index-2015; OR, odds ratio; CI, confidence intervals; PD,
Parkinson’s disease.

individuals suggesting a protective role for whole grains (41). The
observed discrepancy may result from differences in study design,
the populations studied, or the methods used to assess dietary
patterns, which requires further investigation.

The mechanisms underlying the protective role of diet quality in
PD remain unclear. One proposed mechanism involves the
regulation of oxidative stress and inflammation. Many of the
bioactive compounds found in vegetables, fruits, fish, and beans—
such as flavonoids—are known to modulate oxidative stress
pathways, including NRF-2 and NADPH oxidase, elevate dopamine
in the striatum,

levels which are critical for reducing
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neuroinflammation (36). For example, quercetin, a flavonoid found
in vegetables and fruits, has been shown to alleviate oxidative stress
and protect against neurodegeneration in animal models of PD (42).
Additionally, dietary patterns rich in antioxidants from vegetables
and fruits, as well as seafood and lean proteins, may help protect or
repair neuronal components from oxidative damage. This repair
mechanism could prevent lipid, protein, and DNA damage in
neurons, which are crucial to maintaining healthy brain function and
preventing the onset of PD (37). Previous study reveals that excessive
sodium intake exacerbates neuroinflammation and oxidative stress,
contributing to the pathological processes underlying PD (43).
However, as we found in our study, the relationship between sodium
and PD may vary depending on the level of sodium intake, with
moderate consumption potentially having different effects on
PD risk.

Interestingly, our study found that race and hyperlipidemia
may influence the relationship between HEI-2015 and PD. The
association ~was stronger among individuals without
hyperlipidemia, suggesting that metabolic health may influence the
protective effect of diet. Individuals with hyperlipidemia may
already be at an elevated risk for neurodegenerative diseases, and

thus dietary interventions may not have the same protective effect.
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Total Event(%)
Subgrou OR (95%CI P for interaction
group (unweighted) (unweighted) (95%Cl)
Overall
Crude 29851 286 0.881(0.779,0.997) i
Adjusted 29851 286 0.858(0.742,0.992) e
Age group(years)
<60 19188 130 (0.7) 0.948(0.780,1.153) ———  0.730
260 10393 156 (1.5) 0.845(0.712,1.002) ——
Sex
Male 14548 130 (0.9) 0.921(0.768, 1.104) —a— 0.114
Female 15033 156 (1) 0.823(0.672, 1.008) —a—
Race
Non-Hispanic White 13934 189 (1.4) 0.894(0.757, 1.056) —_—l— 0.039
Other 15647 97 (0.6) 0.716(0.592, 0.866) —l—
Marital status
Married or livi
ared oriving 17911 161 (0.9) 0.862(0.730, 1.018) —. 0.480
with partners
Living alone 11670 125(1.1) 0.839(0.656, 1.074) —_—lb
Smoking status
Never 15990 139 (0.9) 0.833(0.670, 1.037) e 0.763
Former or current 13591 147 (1.1) 0.853(0.695, 1.046) —_——
BMI,kg/m2
<25 8359 74 (0.9) 0.798(0.616, 1.036) —_—lG 0.855
225 21222 212 (1) 0.859(0.721, 1.025) —a—
Hyperlipidemia
No 8693 61(0.7) 0.701(0.526, 0.934) ——f———— 0.024
Yes 20888 225 (1.1) 0.892(0.773, 1.029) -l
[ I I 1
0.60 0.80 10 1.2
OR (95%Cl)
FIGURE 3
Subgroup analysis of the association of HEI-2015 with PD, weighted. Odds ratios (ORs) were calculated as per 10 scores increase in HEI-2015 score.
Except for the stratification factor itself, the stratifications were adjusted for age, sex, race, marital status, family income, educational level, smoking
status, drinking status, physical activity, BMI, coronary heart disease, hyperlipidemia, and diabetes. BMI, body mass index; OR, odds ratio; Cl, confidence
interval; HEI-2015, Healthy Eating Index-2015; PD, Parkinson's disease.

Additionally, differences in dietary patterns across racial groups
could further modulate the effects of diet on PD risk. These
findings highlight the significance of taking metabolic and
demographic parameters into account in future research on diet
and PD risk.

Our study has several notable strengths. One of the major
strengths is the use of a large, nationally representative cohort from
the NHANES database. This allows the findings to be generalized
to the broader U.S. adult population, enhancing the external
validity of our results. A variety of confounders are also taken into
consideration in the research design, including age, sex, race,

Frontiers in Nutrition

socioeconomic status, and comorbidities, which strengthens the
validity of the observed associations. Additionally, the use of the
HEI-2015, a validated and comprehensive dietary index, provides
a more detailed and comprehensive understanding of overall
dietary quality than traditional single-nutrient analyses. Finally,
our study examined the relationship between PD and HEI-2015
scores, considering various levels of dietary quality and performing
multiple sensitivity analyses to ensure the consistency of
this association.

Despite its strengths, the research includes a few limitations. First,
due to its cross-sectional design, causal relationships between diet
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TABLE 4 Association between HEI-2015 and PD after multiple imputations.

Variables Model 1

Unweighted
participants/total
participants, No.

10.3389/fnut.2025.1541271

Model 2 Model 3 Model 4

Without  With PD OR p- OR p- OR p- OR
PD (95%CIl)  value  (95%Cl) @ value (95%CIl) value (95%Cl)
HEI-2015 Per
0.888 (0.819- 0.800 (0.730— 0.818 (0.743~ 0.849 (0.777—
10-points 33,895/34,237 | 342/34,237 0.005 <0.001 <0.001 <0.001
_ 0.964) 0.876) 0.901) 0.928)
mcrease
Quartile (Q) of HEI-2015
QI (<44.264)  8,461/8,559 98/342 1(Ref) 1(Ref) 1(Ref) 1(Ref)
Q2 (44.265- 1.021 (0.771- 0.962 (0.717- 0.968 (0.713~ 0.957 (0.72—
8,459/8,559 100/342 0.886 0.795 0.833 0.764
53.207) 1.351) 1.291) 1.313) 1.273)
Q3 (53.207- 0.784 (0.581- 0.653 (0.473- 0.668 (0.476~ 0.709 (0.52-
8,482/8,559 77/342 0.111 0.009 0.019 0.029
62.857) 1.058) 0.902) 0.936) 0.966)
Q4 0.681 (0.498- 0.487 (0.344- 0521 (0.361- 0.582 (0.418—
8,493/8,560 67/342 0.016 <0.001 <0.001 0.001
(>62.858) 0.931) 0.689) 0.752) 0.811)

Model 1, adjusted for none. Model 2, adjusted for age, sex, race, marital status, family income, and educational level. Model 3, adjusted for age, sex, race, marital status, family income,
educational level, smoking status, drinking status, physical activity, and BMI. Model 4, adjusted for age, sex, race, marital status, family income, educational level, smoking status, drinking
status, physical activity, BMI, coronary heart disease, hyperlipidemia, and diabetes. Q, quartiles; HEI-2015, Healthy Eating Index-2015; PD, Parkinson’s disease; BMI, body mass index; OR,

odds ratio; CI, confidence intervals; Ref, reference.

quality and PD risk cannot be established. Second, consistent with
previous research (6, 8, 9, 30, 31, 44), PD assessment in the NHANES
dataset was based on medication use. While this approach offers a
more objective measure compared to self-reported diagnoses, it may
fail to identify individuals with PD who are not receiving treatment,
potentially leading to the underestimation of PD prevalence. Future
studies should integrate additional clinical diagnostic criteria to
enhance classification accuracy. Third, while NHANES provides a
high-quality and comprehensive dataset, the use of secondary data
limits the ability to fully account for all potential confounders,
introducing the possibility of unmeasured biases. Fourth, although
NHANES is designed to be representative of the U.S. adult population,
the findings may not be generalizable to other populations or
geographic regions. Future studies in diverse populations and regions
are needed to confirm the broader relevance of these findings. Lastly,
there may be recall bias because the dietary consumption data came
from two 24-h recalls. Given the current findings and limitations,
further validation through large-scale cohort studies is necessary.

5 Conclusion

In conclusion, this study provides evidence that a higher-quality
diet, as measured by the HEI-2015, is associated with a reduced risk
of PD. Future studies are required to verify the relationship and
investigate the mechanisms.
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