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Abstract

Background: Parkinson’s disease (PD) is a chronic progressive neurodegenerative disease, and the exact etiology of PD has not been
fully elucidated. Changes in dietary patterns play an important role in the onset and progression of PD. However, the association between
specific dietary factors and PD remains unclear. Methods: A total of 14,309 subjects from the National Health and Nutrition Examination
Survey (NHANES) (2007–2016) were included. Logistic regression was used to analyze the association between 34 nutrients and PD.
The regression model was adjusted for potential confounders and effect modifiers including age, gender, race, education, hypertension,
and stroke. Results: The data showed negative associations of the intake of protein (0.99 (0.98, 1.00), p = 0.018), fiber (0.96 (0.93, 0.99),
p = 0.003), vitamin E (0.91 (0.86, 0.97), p = 0.005), copper (0.55 (0.36, 0.86), p = 0.009) with PD. Alpha carotene (p = 0.042), beta-
carotene (p = 0.006), phosphorus (p = 0.018), magnesium (p = 0.002), sodium (p = 0.035), potassium (p = 0.001) had a potential negative
correlation with PD. The intake of carbohydrate, sugars, fat, cholesterol, vitamin A, beta-cryptoxanthin, lycopene, lutein zeaxanthin,
vitamin B1, vitamin B2, niacin, vitamin B6, folate, vitamin B12, vitamin C, vitamin D, vitamin K, calcium, iron, zinc, selenium, caffeine,
theobromine, alcohol was not associated with PD (p > 0.05). Conclusions: Some specific dietary elements are associated with PD, and
supplementation of dietary elements may have potentially beneficial effects. However, the observed associations between dietary factors
and PD may be influenced by changes in diet resulting from the disease itself, rather than diet influencing PD risk. Further longitudinal
studies are needed to establish causal relationships and directionality.
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1. Introduction
Parkinson’s disease (PD) is an increasingly common

neurodegenerative disorder with a multifactorial etiology
in many aging societies [1]. The number of patients with
PD is constantly increasing. A total of 630,000 people in
the United States are diagnosed with PD every year, ad-
ditionally, the projected number of Western Europeans af-
fected by this disorder is expected to increase to ten mil-
lion by 2030 [2]. PD is characterized by bradykinesia, rest-
less tremor, rigidity, and postural instability. Besides, PD
includes non-motor symptoms, such as cognitive decline,
constipation, depression, hyposmia, and urinary dysfunc-
tion, and the severity of symptoms has a significant impact
on the quality of life of patients [3,4]. Although it is urgent
to reduce the incidence of PD, the underlying pathogenesis
of PD remains unclear.

Clinician scientists are beginning to pay attention to
the relationship between nutrition, dietary patterns, and PD.
The nutritional status of an individual seriously affects the

quality of life in PD patients [5,6]. There is a direct relation-
ship between individual malnutrition and the severity of PD
symptoms [7], and healthy nutrition and diet emerge as po-
tential areas to reduce the risk of PD [8]. Antioxidants, such
as some vitamins, carotenoids, lutein, fruits, and vegeta-
bles, have different effects on the natural course of PD [9–
13]. However, the vast majority of studies have explored
the relationship between PD and a single or few antioxidant
changes, and the results of these studies are not completely
consistent [9,11,14–16]. This is because the population size
of previous studies was small, and the overall impact of the
complexity of dietary intakewas ignored. Nutrition and diet
represent modifiable risk factors for PD,more epidemiolog-
ical studies are needed to validate the relationship between
them.

The National Health and Nutrition Examination Sur-
vey (NHANES) is a research program designed to assess
the health and nutritional status of adults and children in
the United States. The Centers for Disease Control and Pre-
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Fig. 1. Flowchart of study participants. PD, parkinson’s disease.

vention (CDC) is responsible for providing important health
statistics for the nation. To our knowledge, this is the first
study to comprehensively investigate the relationship be-
tween dietary intake and PD using NHANES data. This
study aims to investigate the association between dietary in-
take and PD in a representative sample of Americans, which
can be used as a reference for the prevention of PD.

2. Materials and Methods
2.1 Database and Survey Populations

The data used in this study were acquired from
NHANES (https://www.cdc.gov/nchs/nhanes/index.htm)
website. This is a cross-sectional survey conducted by
the National Center for Health Statistics (NCHS) and
the Centers for Disease Control and Prevention. For this
study, a dataset was constructed using publicly available
data files of NHANES responses from 2007 to 2016. A
total of 14,039 NHANES respondents over 40 years of age
were included and interviewed about their dietary intake
and medical status. The entire data integration process is
shown in Fig. 1.

2.2 Ascertainment of PD

PD cases were identified by specifying “Second Level
Category Name” as “ANTIPARKINSON AGENTS” in
the “Multum Lexicon Therapeutic Classification Scheme”
within the NHANES database.

2.3 Dietary Intakes

To assess total dietary intakes in the NHANES, inter-
viewers conducted two consecutive 24-hour dietary recalls.
In the first case, the conclusion was made face-to-face at the
MEC examination, and in the second case, the conclusion
was made by telephone within 3–10 days. Dietary intakes

were calculated from the average of data from two dietary
recalls; otherwise, the single diet data of participants were
deleted.

A total of 34 dietary factors were included in the
NHANES dietary questionnaire. These factors encom-
passed protein (g), carbohydrate (g), total sugars (g), fiber
(g), fat (g), cholesterol (mg), vitamin A (µg), α-carotene
(µg), β-carotene (µg), β-cryptoxanthin (µg), lycopene (µg),
lutein zeaxanthin (µg), vitamin B1 (µg), vitamin B2 (µg),
niacin (mg), vitamin B6 (mg), folate (µg), vitamin B12
(µg), vitamin C (mg), vitamin D (µg), vitamin E (mg),
vitamin K (µg), calcium (mg), phosphorus (mg), magne-
sium (mg), iron (mg), zinc (mg), copper (mg), sodium (mg),
potassium (mg), selenium (µg), caffeine (mg), theobromine
(mg), alcohol (g).

2.4 Demographic Characteristics
The choice of covariates in our study has been con-

sidered a potential confounding factor in previous studies
[17–19]. We assessed demographic covariates including
age, gender, race, education, and some diseases including
diabetes, hypertension, stroke, coronary heart disease, hy-
perlipidemia, and viral hepatitis. We excluded interviewers
with missing covariate data.

2.5 Statistical Analysis
We considered all survey sampling weights when an-

alyzing the data. We followed the NHANES analytic and
reporting guidance for all analysis procedures. For all indi-
viduals in the present study, descriptive analyses were per-
formed on the characteristics of each participant. Contin-
uous variables are presented as means and standard devia-
tions (SD), while categorical variables are presented as fre-
quencies and percentages. Univariate analysis was used in
population characteristics, and changes in continuous and
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Table 1. Weighted baseline characteristics of participants with or without PD.
Variable Total Non-Parkinson Parkinson p-value

Number 14,309 14,106 203
Age 57.67 (0.19) 57.62 (0.19) 61.20 (1.33) 0.008**
Gender 0.017*

Male 6827 (47.71) 6738 (46.89) 89 (33.99)
Female 7482 (52.29) 7368 (53.11) 114 (66.01)

Race
Non-Hispanic White 6749 (47.17) 6616 (72.94) 133 (83.24) 0.005**
Non-Hispanic Black 2942 (20.56) 2913 (9.93) 29 (7.83)
Mexican American 1960 (13.7) 1940 (6.24) 20 (3.99)
Other Race 2658 (18.58) 2637 (10.88) 21 (4.94)

Education 0.109
Below high school 3697 (25.84) 3635 (16.04) 62 (25.02)
High School 3311 (23.14) 3267 (22.93) 44 (20.90)
Over high school 7301 (51.02) 7204 (61.03) 97 (54.08)

BMI 29.37 (0.11) 29.36 (0.11) 30.23 (0.58) 0.14
DM 0.296

no 10,779 (75.33) 10,641 (81.49) 138 (77.99)
yes 3530 (24.67) 3465 (18.51) 65 (22.01)

Hypertension 0.005**
no 6317 (44.15) 6253 (50.18) 64 (33.85)
yes 7992 (55.85) 7853 (49.82) 139 (66.15)

Stroke <0.0001***
no 13,528 (94.54) 13,354 (95.82) 174 (84.83)
yes 781 (5.46) 752 (4.18) 29 (15.17)

Coronary heart disease 0.392
no 13,448 (93.98) 13,260 (94.79) 188 (91.91)
yes 861 (6.02) 846 (5.21) 15 (8.09)

Hyperlipidemia 0.973
no 2842 (19.86) 2800 (19.50) 42 (19.64)
yes 11,467 (80.14) 11,306 (80.50) 161 (80.36)

Viral hepatitis 0.448
no 13,899 (97.13) 13,705 (97.62) 194 (96.71)
yes 410 (2.87) 401 (2.38) 9 (3.29)

Data presented are mean (SD) or n (%), * p < 0.05, ** p < 0.01, *** p < 0.001. Statistically
significant p-values (p< 0.05) are presented in bold to highlight the significance of the results.
BMI, body mass index; DM, diabetes mellitus.

categorical variables were compared using t-tests and chi-
square tests; variables with p-value < 0.05 were further
included as confounding factors. Univariate analysis was
used to examine the relationship between dietary intake and
PD risk, while logistic regression was employed to explore
the association between specific dietary components and
PD after adjusting for confounding factors such as Age,
Gender, Race, Education level, Hypertension, Stroke, etc.
Data analyses were performed with the use of the R soft-
ware (4.2.1, R Foundation for Statistical Computing, Vi-
enna, Austria).

3. Results
3.1 Characteristics of Included Participants

Compared to the participants without PD, the PD par-
ticipants were more likely to be older (p = 0.008), tended to

be non-Hispanic white (p = 0.005), tended to be female (p =
0.017), and represented more likely associated with hyper-
tension (p = 0.005) and stroke (p< 0.0001). Characteristics
of the included participants are summarized in Table 1.

3.2 Dietary Intakes and PD Risk

Table 2 presents the dietary intake of the included par-
ticipants. Compared to the non-PD participants, PD pa-
tients took fewer specific dietary components, including
significantly less protein, fiber, fat, various vitamins (B1,
B2, B6, C, D, E, K, niacin, folate), minerals (phosphorus,
magnesium, zinc, copper, sodium, potassium, selenium),
and carotenoids (α-carotene, β-carotene, β-cryptoxanthin,
lutein zeaxanthin), as well as alcohol (all p< 0.05). Table 3
shows the correlations between dietary intakes and PD af-
ter adjustment for potential confounders (age, race, gender,
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Table 2. Dietary intakes with and without PD.
Variables Total Non-Parkinson Parkinson p-value

Protein (g) 79.60 (0.44) 79.75 (0.43) 68.80 (2.33) <0.0001***
Carbohydrate (g) 239.74 (1.59) 239.88 (1.59) 229.81 (8.76) 0.252
total sugars (g) 105.18 (0.82) 105.12 (0.82) 109.27 (6.31) 0.516
dietary_fiber (g) 17.33 (0.16) 17.37 (0.16) 14.35 (0.55) <0.0001***
total fat (g) 78.28 (0.56) 78.41 (0.56) 68.74 (2.86) 0.001**
Cholesterol (mg) 280.70 (2.26) 280.87 (2.28) 268.14 (13.34) 0.348
vitamin A (µg) 669.87 (9.53) 670.58 (9.57) 619.43 (52.56) 0.332
α-carotene (µg) 462.81 (16.47) 465.03 (16.68) 305.64 (41.47) <0.001***
β-carotene (µg) 2486.84 (60.64) 2499.37 (61.72) 1596.26 (177.64) <0.0001***
β-cryptoxanthin (µg) 90.35 (2.50) 90.76 (2.55) 61.73 (7.72) <0.001***
Lycopene (µg) 5077.70 (118.66) 5092.78 (119.98) 4005.53 (527.36) 0.05
lutein zeaxanthin (µg) 1703.69 (45.33) 1709.88 (45.39) 1263.97 (200.53) 0.028*
vitamin B1 (µg) 1.58 (0.01) 1.59 (0.01) 1.45 (0.04) 0.003**
vitamin B2 (µg) 2.14 (0.02) 2.14 (0.02) 1.98 (0.07) 0.015*
Niacin (mg) 24.51 (0.17) 24.56 (0.17) 21.16 (0.71) <0.0001***
vitamin B6 (mg) 2.03 (0.02) 2.04 (0.02) 1.77 (0.06) <0.0001***
Folate (µg) 222.83 (1.91) 223.34 (1.90) 186.73 (8.68) <0.0001***
vitamin B12 (µg) 5.06 (0.08) 5.06 (0.08) 4.74 (0.22) 0.18
vitamin C (mg) 82.89 (1.26) 83.10 (1.26) 67.47 (6.58) 0.02*
vitamin D (µg) 4.79 (0.05) 4.80 (0.05) 4.27 (0.23) 0.023*
vitamin E (mg) 8.51 (0.11) 8.54 (0.11) 6.66 (0.35) <0.0001***
vitamin K (µg) 119.74 (3.02) 120.17 (3.05) 89.37 (9.01) 0.002**
Calcium (mg) 928.56 (7.47) 929.30 (7.47) 875.68 (32.47) 0.101
Phosphorus (mg) 1340.49 (7.97) 1342.64 (7.98) 1187.61 (30.71) <0.0001***
Magnesium (mg) 301.12 (2.36) 301.77 (2.35) 254.88 (7.62) <0.0001***
Iron (mg) 14.77 (0.12) 14.78 (0.12) 13.94 (0.68) 0.22
Zinc (mg) 11.29 (0.11) 11.31 (0.11) 9.92 (0.34) <0.0001***
Copper (mg) 1.29 (0.01) 1.30 (0.01) 1.07 (0.04) <0.0001***
Sodium (mg) 3359.94 (21.24) 3365.57 (21.45) 2959.75 (91.06) <0.0001***
Potassium (mg) 2723.69 (17.31) 2729.03 (17.14) 2343.72 (67.79) <0.0001***
Selenium (µg) 110.07 (0.70) 110.25 (0.70) 97.47 (3.12) <0.001***
Caffeine (mg) 187.28 (3.52) 187.69 ( 3.53) 157.65 (16.38) 0.069
Theobromine (mg) 37.40 (0.75) 37.36 (0.77) 40.36 (5.93) 0.625
Alcohol (g) 8.72 (0.36) 8.77 (0.36) 4.89 (0.92) <0.001***
Data presented are mean (SD), * p < 0.05, ** p < 0.01, *** p < 0.001. Statistically significant p-
values (p < 0.05) are presented in bold to highlight the significance of the results. BMI, body mass
index; DM, diabetes mellitus.

hypertension, and stroke). The data revealed negative asso-
ciations between PD and the intake of protein (p = 0.018),
fiber (p = 0.003), vitamin E (p = 0.005), and copper (p =
0.009). Additionally, α-carotene, β-carotene, phosphorus,
magnesium, sodium, and potassium showed potential neg-
ative correlations with PD (all p < 0.05). The intake of
carbohydrates, sugars, fat, cholesterol, most vitamins (A,
B complex, C, D, K), and minerals (calcium, iron, zinc,
selenium), as well as caffeine, theobromine, and alcohol,
showed no significant relationship with PD (all p > 0.05).

4. Discussion
This is the first comprehensive investigation of the re-

lationship between dietary intakes and PD in the US popula-

tion based on theNHANES database. In this cross-sectional
study, decreased intake of protein, fiber, vitamin E, and
metals including copper was associated with an increased
risk of PD. In addition, many specific dietary elements were
statistically different between PD and non-PD populations.

Malnutrition is a key indicator to measure nutritional
status. Studies have shown that 3%–60% of PD patients are
at risk of malnutrition [20], which is related to dysphagia
and anosmia in PD [6]. There is a reduction in food intake in
PD patients [6]. In our study, PD patients had a reduction in
protein intake, and protein intake was negatively correlated
with PD risk. It is worth noting that a low-protein diet may
have a protective effect on PD [21,22], which can improve
the body’s response to dopamine, and the patient’s motor
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Table 3. ORs with 95% CIs of the associations between dietary intakes and PD.
Characters Estimate OR (95% CI) p-value

Protein (g) –0.01 0.99 (0.98, 1.00) 0.018*
Carbohydrate (g) 0 1.00 (1.00, 1.00) 0.834
total sugars (g) 0 1.00 (1.00, 1.01) 0.155
dietary_fiber (g) –0.04 0.96 (0.93, 0.99) 0.003**
total fat (g) –0.01 0.99 (0.99, 1.00) 0.08
Cholesterol (mg) 0 1.00 (1.00, 1.00) 0.788
vitamin A (µg) 0 1.00 (1.00, 1.00) 0.499
α-carotene (µg) 0 1.00 (1.00, 1.00) 0.042*
β-carotene (µg) 0 1.00 (1.00, 1.00) 0.006**
β-cryptoxanthin (µg) 0 1.00 (1.00, 1.00) 0.07
Lycopene (µg) 0 1.00 (1.00, 1.00) 0.201
lutein zeaxanthin (µg) 0 1.00 (1.00, 1.00) 0.245
vitamin B1 (µg) –0.16 0.85 (0.65, 1.13) 0.267
vitamin B2 (µg) –0.12 0.89 (0.71, 1.12) 0.307
Niacin (mg) –0.02 0.98 (0.95, 1.00) 0.052
vitamin B6 (mg) –0.19 0.83 (0.67, 1.02) 0.073
Folate (µg) 0 1.00 (0.99, 1.00) 0.051
vitamin B12 (µg) –0.01 0.99 (0.96, 1.02) 0.708
vitamin C (mg) 0 1.00 (0.99, 1.00) 0.081
vitamin D (µg) –0.02 0.98 (0.94, 1.01) 0.172
vitamin E (mg) –0.09 0.91 (0.86, 0.97) 0.005**
vitamin K (µg) 0 1.00 (0.99, 1.00) 0.089
Calcium (mg) 0 1.00 (1.00, 1.00) 0.552
Phosphorus (mg) 0 1.00 (1.00, 1.00) 0.018*
Magnesium (mg) 0 1.00 (1.00, 1.00) 0.002**
Iron (mg) 0 1.00 (0.96, 1.03) 0.79
Zinc (mg) –0.04 0.96 (0.93, 1.00) 0.061
Copper (mg) –0.59 0.55 (0.36, 0.86) 0.009**
Sodium (mg) 0 1.00 (1.00, 1.00) 0.035*
Potassium (mg) 0 1.00 (1.00, 1.00) <0.001***
Selenium (µg) 0 1.00 (0.99, 1.00) 0.1
Caffeine (mg) 0 1.00 (1.00, 1.00) 0.249
Theobromine (mg) 0 1.00 (1.00, 1.00) 0.569
Alcohol (g) –0.01 0.99 (0.98, 1.00) 0.052
Adjustment for potential confounders including age, race, gender, hyper-
tension, and stroke. * p < 0.05, ** p < 0.01, *** p < 0.001. Statistically
significant p-values (p < 0.05) are presented in bold to highlight the sig-
nificance of the results.

symptoms can be better improved [21]. Therefore, PD pa-
tients may tend to deliberately slow the progression of the
disease by reducing protein uptake. Constipation is a very
common symptom of PD [23]. Reduced dietary fiber intake
affects intestinal health and gut microbiota composition and
can cause constipation [24]. EFSA proposed that 25 grams
of dietary fiber per day is sufficient intake to ensure nor-
mal defecation in adults [25]. However, studies suggest that
nearly half of PD patients have less than 25 grams of dietary
fiber per day [26]. Dietary fiber intake in our study was in-
versely associated with PD risk. Constipation is one of the
clinical symptoms of early PD. Changes in dietary structure
may already exist in early PD, and PD patients should sup-

plement dietary fiber to improve constipation [27]. In ad-
dition, a high dietary fiber diet can reduce neuroinflamma-
tion in aging mice [28], and a low protein-high dietary fiber
diet pattern may be a promising new direction for the treat-
ment of PD in the future. Moreover, individuals with PD
exhibited a decrease in overall fat consumption, although
our study did not find a significant correlation between to-
tal fatty intake and the risk of developing PD. A prospective
cohort study demonstrated a link between the consumption
of low-fat dairy products and an increased risk of PD [29],
while another study yielded similar results to our own, find-
ing no significant disparity between the two [30]. Notably,
research has shown that individuals with PD tend to con-
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sume higher levels of trans fats compared to those without
the disease [31]. Furthermore, prolonged consumption of
a high-fat diet in healthy mice resulted in the development
of peripheral insulin resistance and exhibited nigrostriatal
dopaminergic dysfunction and parkinsonism, indicating a
potential association between high-fat diet, insulin resis-
tance, and PD [32]. The variability in these findings may be
attributed to the variations in the composition of dietary fats
consumed, underscoring the necessity for further research
to elucidate the relationship between fat intake and the risk
of developing PD, as well as to inform preventive strategies.

Dietary antioxidants, such as vitamin C, vitamin E,
and carotene, can prevent oxidative damage and have been
suggested as neuroprotective agents for PD [33,34]. How-
ever, the epidemiological results of previous studies have
been inconsistent. Previous cross-sectional studies have
shown an inverse association between vitamin E and the
risk of PD [9,35], and one of the negative associations
was significant only in women [9,16]. Some results of
prospective studies suggest no association between vitamin
E and PD [15,36], such as the Honolulu Heart Study co-
hort, which found no association between vitamin E and
PD risk through nearly 30 years of follow-up [15]. In a 12-
year cohort study in China, increased vitamin E intake was
associated with a reduced risk of PD [37]. These results
are difficult to interpret because of the potential impact of
recall and selection bias. In our study, taking less vitamin
E may enhance a person’s risk of developing PD. Some di-
etary antioxidant vitamins (such as vitamin C and vitamin
B) did not affect the risk of PD, and our results in this study
are consistent with these conclusions [37]. Lutein has been
reported to be positively associated with PD risk [38], and
this relationship was not found in our study. Carotene is a
pro-vitamin A carotenoid present in fruits and vegetables,
and the ability of Carotene to protect the nervous system
has been illustrated over the past decade [39]. The entry
of carotene into the body can reduce oxidative damage by
scavenging oxygen free radicals [40]. Results of a meta-
analysis suggest an inverse, but nonsignificant, association
between dietary carotene intake and PD risk [41]. The re-
sults of another study, like ours, suggest that carotene intake
is significantly associated with a reduced risk of PD [16].
In addition, our study also found that β-cryptoxanthin, ly-
copene, vitamin D, and vitamin K were not associated with
the risk of PD.

Certain dietary metal elements serve as essential nu-
trients and also play a crucial role in antioxidant activity by
forming complexes in the body to regulate the balance of
free radicals, which is closely linked to the development of
neurodegenerative diseases [42,43]. A meta-analysis study
indicated that while moderate to high iron intake was not
correlated with the risk of PD overall, subgroup analysis
revealed a positive association between high iron intake
and PD risk in Western populations (1.47, (1.17–1.85), p
= 0.001) [44]. Moderate to high intakes of zinc and cop-

per were found to not significantly increase the risk of PD,
with only limited support from two small studies [10,44].
However, there remains a lack of conclusive evidence on
this relationship. Our study also found no association be-
tween iron and zinc intake and the risk of PD. Interestingly,
a decrease in copper intakewas associatedwith an increased
risk of PD in our study (0.55 (0.36, 0.86), p = 0.009) Copper
is an essential micronutrient crucial for human health and
development, as it plays a key role in antioxidant activity
and mitochondrial energy metabolism through its involve-
ment in superoxide dismutase-1 (SOD1) and cytochrome-
c-oxidase [45]. One study demonstrated a reduction in cop-
per levels in the substantia nigra of individuals with PD
[42], while a separate case-control study indicated signif-
icantly lower total blood copper levels and ceruloplasmin
in PD patients [46]. However, the relationship between
these findings and copper intake remains unclear. Copper
has the potential to induce neurotoxicity through chemi-
cal redox reactions that generate free radicals, potentially
leading to neuronal damage [47]. Additionally, copper has
been shown to worsen α-synuclein aggregation, a key fea-
ture of PD pathology [48]. In a recent Mendelian random-
ization study examining the relationship between mineral
intake and chronic diseases, it was observed that elevated
copper consumption was associated with a decreased risk
of Alzheimer’s disease (AD) (0.87, (0.75, 1.00), p = 0.05)
and bipolar disorder (BD) (0.87, (0.79, 0.97), p = 0.04) as
well as other neurological conditions [49]. These findings
suggest that increasing copper intake within a suitable range
may have the potential to mitigate the likelihood of devel-
oping neurological diseases, such as PD. Building on ex-
isting research, the contradictory impact of copper on PD
may be attributed to alterations in the optimal range of cop-
per levels in the body or impaired copper utilization by the
body or tissues. Further epidemiological investigations are
necessary to validate the association between copper and
PD, while additional fundamental experiments are needed
to elucidate the underlying mechanisms of copper action in
PD. Our findings highlight a potential link between dietary
intake and PD, indicating a promising direction for future
research on the management of dietary intake for PD.

Our study also has some limitations. Information on
dietary intake was based on self-reported 24-hour recall,
which may be biased compared to objective data. And
long-term food intake is not exactly consistent with what
is reported over 24 hours. In addition, some data were re-
moved because of missing information, which also affected
the analysis. Not using older and more recent NHANES
cycles may have caused the results to be biased. Although
we adjusted for some known covariates, many interactions
among dietary intake itself may have affected the results of
the study, and some unknown residual confounding (e.g.,
education level, income, or energy intake) may confound
the results. Besides, in this study, the confirmation of
PD cases was primarily based on a questionnaire inquir-
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ing about the use of anti-PD medications, which has inher-
ent limitations. Firstly, it lacks clinical confirmation and
may fail to capture undiagnosed or untreated PD cases, po-
tentially underestimating the disease prevalence. Secondly,
some patients may be taking anti-PD medications for rea-
sons other than PD, leading to potential misclassification
of cases. Although the use of a relatively broad case defini-
tion is permissible in epidemiological studies, it is essential
to acknowledge its limitations. Based on the self-reporting
of patients using antiparkinson agents, we failed to distin-
guish the participants who were in the early stage of PD.
Since this is a cross-sectional study, the causal relationship
between food intake and PD remains unclear. Future re-
search requires more rigorous clinical assessments and di-
agnostic methods to accurately classify cases and investi-
gate disease-related factors.

5. Conclusions
Our findings underscore the importance of specific di-

etary components in PD risk reduction. While more re-
search is needed to establish causality and to understand the
mechanisms underlying these associations, our study pro-
vides valuable insights that could inform future dietary rec-
ommendations for PD prevention and treatment.

Availability of Data and Materials
Publicly available datasets were analyzed in this study.

This data can be found here: https://www.cdc.gov/nchs/nha
nes/index.htm.

Author Contributions
ZHZ designed the study. ZHZ and LJX wrote the

manuscript. ZHZ, YMC, GH, YAS, and XGL collected, an-
alyzed, and interpreted the data. XGL critically reviewed,
edited, and approved the manuscript. All authors read and
approved the final manuscript. All authors have partici-
pated sufficiently in the work and agreed to be accountable
for all aspects of the work.

Ethics Approval and Consent to Participate
The studies involving human participants were re-

viewed and approved by the NCHS Research Ethics Re-
view Board (ERB) (https://www.cdc.gov/nchs/nhanes/irba
98.htm). Written informed consent for participationwas not
required for this study following the national legislation and
the institutional requirements.

Acknowledgment
The author thanks the staff and the participants of the

NHANES study for their valuable contributions.

Funding
This work was supported by Science and Tech-

nology Planning Project of Shenzhen Municipality
(KCXFZ20201221173605013).

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Lin CH, Tsai PI, Lin HY, Hattori N, Funayama M, Jeon B, et al.

Mitochondrial UQCRC1 mutations cause autosomal dominant
parkinsonism with polyneuropathy. Brain: a Journal of Neurol-
ogy. 2020; 143: 3352–3373. https://doi.org/10.1093/brain/awaa
279.

[2] Calabrese VP. Projected number of people with Parkinson dis-
ease in the most populous nations, 2005 through 2030. Neurol-
ogy. 2007; 69: 223–224; author reply 224. https://doi.org/10.
1212/01.wnl.0000271777.50910.73.

[3] Sveinbjornsdottir S. The clinical symptoms of Parkinson’s dis-
ease. Journal of Neurochemistry. 2016; 139 Suppl 1: 318–324.
https://doi.org/10.1111/jnc.13691.

[4] Simuni T, Long JD, Caspell-Garcia C, Coffey CS, Lasch S, Tan-
ner CM, et al. Predictors of time to initiation of symptomatic
therapy in early Parkinson’s disease. Annals of Clinical and
Translational Neurology. 2016; 3: 482–494. https://doi.org/10.
1002/acn3.317.

[5] Ongun N. Does nutritional status affect Parkinson’s Disease
features and quality of life? PloS One. 2018; 13: e0205100.
https://doi.org/10.1371/journal.pone.0205100.

[6] Gruber MT, Witte OW, Grosskreutz J, Prell T. Association be-
tween malnutrition, clinical parameters and health-related qual-
ity of life in elderly hospitalized patients with Parkinson’s dis-
ease: A cross-sectional study. PloS One. 2020; 15: e0232764.
https://doi.org/10.1371/journal.pone.0232764.

[7] Bazán-Rodríguez L, Cruz-Vicioso R, Cervantes-Arriaga A,
Alcocer-Salas A, Pinto-Solís D, Rodríguez-Violante M. Malnu-
trition and Associated Motor and Non-motor Factors in Peo-
ple with Parkinson’s Disease. Revista De Investigacion Clin-
ica; Organo Del Hospital De Enfermedades De La Nutricion.
2020; 72. (online ahead of print) https://doi.org/10.24875/RIC.
20000010.

[8] Knight E, Geetha T, Burnett D, Babu JR. The Role of Diet and
Dietary Patterns in Parkinson’s Disease. Nutrients. 2022; 14:
4472. https://doi.org/10.3390/nu14214472.

[9] Miyake Y, Fukushima W, Tanaka K, Sasaki S, Kiyohara C,
Tsuboi Y, et al. Dietary intake of antioxidant vitamins and risk
of Parkinson’s disease: a case-control study in Japan. European
Journal of Neurology. 2011; 18: 106–113. https://doi.org/10.
1111/j.1468-1331.2010.03088.x.

[10] Powers KM, Smith-Weller T, Franklin GM, Longstreth WT, Jr,
Swanson PD, Checkoway H. Parkinson’s disease risks associ-
ated with dietary iron, manganese, and other nutrient intakes.
Neurology. 2003; 60: 1761–1766. https://doi.org/10.1212/01.
wnl.0000068021.13945.7f.

[11] Park HA, Ellis AC. Dietary Antioxidants and Parkinson’s Dis-
ease. Antioxidants (Basel, Switzerland). 2020; 9: 570. https:
//doi.org/10.3390/antiox9070570.

[12] Hantikainen E, Trolle Lagerros Y, Ye W, Serafini M, Adami
HO, Bellocco R, et al. Dietary Antioxidants and the Risk of
Parkinson Disease: The Swedish National March Cohort. Neu-
rology. 2021; 96: e895–e903. https://doi.org/10.1212/WNL.
0000000000011373.

[13] Lee D, Jo MG, Kim SY, Chung CG, Lee SB. Dietary An-
tioxidants and the Mitochondrial Quality Control: Their Po-
tential Roles in Parkinson’s Disease Treatment. Antioxidants
(Basel, Switzerland). 2020; 9: 1056. https://doi.org/10.3390/an
tiox9111056.

[14] Hellenbrand W, Boeing H, Robra BP, Seidler A, Vieregge P,
Nischan P, et al. Diet and Parkinson’s disease. II: A possible
role for the past intake of specific nutrients. Results from a self-

7

https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
 https://www.cdc.gov/nchs/nhanes/irba98.htm
 https://www.cdc.gov/nchs/nhanes/irba98.htm
https://doi.org/10.1093/brain/awaa279
https://doi.org/10.1093/brain/awaa279
https://doi.org/10.1212/01.wnl.0000271777.50910.73
https://doi.org/10.1212/01.wnl.0000271777.50910.73
https://doi.org/10.1111/jnc.13691
https://doi.org/10.1002/acn3.317
https://doi.org/10.1002/acn3.317
https://doi.org/10.1371/journal.pone.0205100
https://doi.org/10.1371/journal.pone.0232764
https://doi.org/10.24875/RIC.20000010
https://doi.org/10.24875/RIC.20000010
https://doi.org/10.3390/nu14214472
https://doi.org/10.1111/j.1468-1331.2010.03088.x
https://doi.org/10.1111/j.1468-1331.2010.03088.x
https://doi.org/10.1212/01.wnl.0000068021.13945.7f
https://doi.org/10.1212/01.wnl.0000068021.13945.7f
https://doi.org/10.3390/antiox9070570
https://doi.org/10.3390/antiox9070570
https://doi.org/10.1212/WNL.0000000000011373
https://doi.org/10.1212/WNL.0000000000011373
https://doi.org/10.3390/antiox9111056
https://doi.org/10.3390/antiox9111056
https://www.imrpress.com


administered food-frequency questionnaire in a case-control
study. Neurology. 1996; 47: 644–650. https://doi.org/10.1212/
wnl.47.3.644.

[15] Morens DM, Grandinetti A, Waslien CI, Park CB, Ross GW,
White LR. Case-control study of idiopathic Parkinson’s disease
and dietary vitamin E intake. Neurology. 1996; 46: 1270–1274.
https://doi.org/10.1212/wnl.46.5.1270.

[16] Yang F, Wolk A, Håkansson N, Pedersen NL, Wirdefeldt K.
Dietary antioxidants and risk of Parkinson’s disease in two
population-based cohorts. Movement Disorders: Official Jour-
nal of the Movement Disorder Society. 2017; 32: 1631–1636.
https://doi.org/10.1002/mds.27120.

[17] Zhao J, Li F, Wu Q, Cheng Y, Liang G, Wang X, et al. Associa-
tion between trichlorophenols and neurodegenerative diseases:
A cross-sectional study from NHANES 2003-2010. Chemo-
sphere. 2022; 307: 135743. https://doi.org/10.1016/j.chemosph
ere.2022.135743.

[18] Choi HY, Mai TH, Kim KA, Cho H, Ki M. Association between
viral hepatitis infection and Parkinson’s disease: A population-
based prospective study. Journal of Viral Hepatitis. 2020; 27:
1171–1178. https://doi.org/10.1111/jvh.13346.

[19] Miyake Y, Tanaka K, Fukushima W, Sasaki S, Kiyohara C,
Tsuboi Y, et al. Case-control study of risk of Parkinson’s dis-
ease in relation to hypertension, hypercholesterolemia, and dia-
betes in Japan. Journal of the Neurological Sciences. 2010; 293:
82–86. https://doi.org/10.1016/j.jns.2010.03.002.

[20] Paul BS, Singh T, Paul G, Jain D, Singh G, Kaushal S,
et al. Prevalence of Malnutrition in Parkinson’s Disease and
Correlation with Gastrointestinal Symptoms. Annals of Indian
Academy of Neurology. 2019; 22: 447–452. https://doi.org/10.
4103/aian.AIAN_349_18.

[21] Tsui JK, Ross S, Poulin K, Douglas J, Postnikoff D, Calne S,
et al. The effect of dietary protein on the efficacy of L-dopa: a
double-blind study. Neurology. 1989; 39: 549–552. https://doi.
org/10.1212/wnl.39.4.549.

[22] Wang L, Xiong N, Huang J, Guo S, Liu L, Han C, et al. Protein-
Restricted Diets for Ameliorating Motor Fluctuations in Parkin-
son’s Disease. Frontiers in Aging Neuroscience. 2017; 9: 206.
https://doi.org/10.3389/fnagi.2017.00206.

[23] Pedrosa Carrasco AJ, Timmermann L, Pedrosa DJ. Manage-
ment of constipation in patients with Parkinson’s disease.
NPJ Parkinson’s Disease. 2018; 4: 6. https://doi.org/10.1038/
s41531-018-0042-8.

[24] DahlWJ, Stewart ML. Position of the Academy of Nutrition and
Dietetics: Health Implications of Dietary Fiber. Journal of the
Academy of Nutrition and Dietetics. 2015; 115: 1861–1870. ht
tps://doi.org/10.1016/j.jand.2015.09.003.

[25] European Food Safety Authority (EFSA). Dietary Reference
Values for nutrients Summary report. EFSA Journal. 2017; 14:
e15121. 98 pp. https://doi: 10.2903/sp.efsa.2017.e15121.

[26] Baert F, Matthys C, Mellaerts R, Lemaître D, Vlaemynck G,
Foulon V. Dietary Intake of Parkinson’s Disease Patients. Fron-
tiers in Nutrition. 2020; 7: 105. https://doi.org/10.3389/fnut
.2020.00105.

[27] Perez-Pardo P, de Jong EM, Broersen LM, van Wijk N, Attali
A, Garssen J, et al. Promising Effects of Neurorestorative Di-
ets on Motor, Cognitive, and Gastrointestinal Dysfunction af-
ter Symptom Development in a Mouse Model of Parkinson’s
Disease. Frontiers in Aging Neuroscience. 2017; 9: 57. https:
//doi.org/10.3389/fnagi.2017.00057.

[28] Matt SM, Allen JM, Lawson MA, Mailing LJ, Woods JA, John-
son RW. Butyrate and Dietary Soluble Fiber Improve Neuroin-
flammation Associated With Aging in Mice. Frontiers in Im-
munology. 2018; 9: 1832. https://doi.org/10.3389/fimmu.2018.
01832.

[29] Hughes KC, Gao X, Kim IY, Wang M, Weisskopf MG,

Schwarzschild MA, et al. Intake of dairy foods and risk of
Parkinson disease. Neurology. 2017; 89: 46–52. https://doi.or
g/10.1212/WNL.0000000000004057.

[30] Palavra NC, Lubomski M, Flood VM, Davis RL, Sue CM. In-
creased Added Sugar Consumption Is Common in Parkinson’s
Disease. Frontiers in Nutrition. 2021; 8: 628845. https://doi.or
g/10.3389/fnut.2021.628845.

[31] Kwon D, Folle AD, Del Rosario I, Zhang K, Paul KC, Keener
AM, et al. Diet quality and Parkinson’s disease: Potential strate-
gies for non-motor symptom management. Parkinsonism & Re-
lated Disorders. 2023; 115: 105816. https://doi.org/10.1016/j.pa
rkreldis.2023.105816.

[32] Khang R, Park C, Shin JH. Dysregulation of parkin in the sub-
stantia nigra of db/db and high-fat diet mice. Neuroscience.
2015; 294: 182–192. https://doi.org/10.1016/j.neuroscience
.2015.03.017.

[33] Sies H, Stahl W, Sundquist AR. Antioxidant functions of vita-
mins. Vitamins E and C, beta-carotene, and other carotenoids.
Annals of the New York Academy of Sciences. 1992; 669: 7–
20. https://doi.org/10.1111/j.1749-6632.1992.tb17085.x.

[34] Burkhardt CR, Weber HK. Parkinson’s disease: a chronic, low-
grade antioxidant deficiency? Medical Hypotheses. 1994; 43:
111–114. https://doi.org/10.1016/0306-9877(94)90060-4.

[35] de Rijk MC, Breteler MM, den Breeijen JH, Launer LJ,
Grobbee DE, van der Meché FG, et al. Dietary antioxidants and
Parkinson disease. The Rotterdam Study. Archives of Neurol-
ogy. 1997; 54: 762–765. https://doi.org/10.1001/archneur.1997.
00550180070015.

[36] Hughes KC, Gao X, Kim IY, Rimm EB, Wang M, Weisskopf
MG, et al. Intake of antioxidant vitamins and risk of Parkinson’s
disease. Movement Disorders: Official Journal of the Move-
ment Disorder Society. 2016; 31: 1909–1914. https://doi.org/
10.1002/mds.26819.

[37] Tan LC, Koh WP, Yuan JM, Wang R, Au WL, Tan JH, et al.
Differential effects of black versus green tea on risk of Parkin-
son’s disease in the Singapore Chinese Health Study. American
Journal of Epidemiology. 2008; 167: 553–560. https://doi.org/
10.1093/aje/kwm338.

[38] Johnson CC, Gorell JM, Rybicki BA, Sanders K, Peterson EL.
Adult nutrient intake as a risk factor for Parkinson’s disease.
International Journal of Epidemiology. 1999; 28: 1102–1109.
https://doi.org/10.1093/ije/28.6.1102.

[39] Manochkumar J, Doss CGP, El-Seedi HR, Efferth T, Ra-
mamoorthy S. The neuroprotective potential of carotenoids in
vitro and in vivo. Phytomedicine: International Journal of Phy-
totherapy and Phytopharmacology. 2021; 91: 153676. https:
//doi.org/10.1016/j.phymed.2021.153676.

[40] Burton GW, Ingold KU. beta-Carotene: an unusual type of lipid
antioxidant. Science (New York, N.Y.). 1984; 224: 569–573.
https://doi.org/10.1126/science.6710156.

[41] Takeda A, Nyssen OP, Syed A, Jansen E, Bueno-de-Mesquita B,
Gallo V. Vitamin A and carotenoids and the risk of Parkinson’s
disease: a systematic review and meta-analysis. Neuroepidemi-
ology. 2014; 42: 25–38. https://doi.org/10.1159/000355849.

[42] Barnham KJ, Bush AI. Metals in Alzheimer’s and Parkinson’s
diseases. Current Opinion in Chemical Biology. 2008; 12: 222–
228. https://doi.org/10.1016/j.cbpa.2008.02.019.

[43] Fang YZ, Yang S, Wu G. Free radicals, antioxidants, and nutri-
tion. Nutrition (Burbank, Los Angeles County, Calif.). 2002; 18:
872–879. https://doi.org/10.1016/s0899-9007(02)00916-4.

[44] Cheng P, Yu J, Huang W, Bai S, Zhu X, Qi Z, et al. Dietary
intake of iron, zinc, copper, and risk of Parkinson’s disease: a
meta-analysis. Neurological Sciences: Official Journal of the
Italian Neurological Society and of the Italian Society of Clini-
cal Neurophysiology. 2015; 36: 2269–2275. https://doi.org/10.
1007/s10072-015-2349-0.

8

https://doi.org/10.1212/wnl.47.3.644
https://doi.org/10.1212/wnl.47.3.644
https://doi.org/10.1212/wnl.46.5.1270
https://doi.org/10.1002/mds.27120
https://doi.org/10.1016/j.chemosphere.2022.135743
https://doi.org/10.1016/j.chemosphere.2022.135743
https://doi.org/10.1111/jvh.13346
https://doi.org/10.1016/j.jns.2010.03.002
https://doi.org/10.4103/aian.AIAN_349_18
https://doi.org/10.4103/aian.AIAN_349_18
https://doi.org/10.1212/wnl.39.4.549
https://doi.org/10.1212/wnl.39.4.549
https://doi.org/10.3389/fnagi.2017.00206
https://doi.org/10.1038/s41531-018-0042-8
https://doi.org/10.1038/s41531-018-0042-8
https://doi.org/10.1016/j.jand.2015.09.003
https://doi.org/10.1016/j.jand.2015.09.003
https://doi
https://doi.org/10.3389/fnut.2020.00105
https://doi.org/10.3389/fnut.2020.00105
https://doi.org/10.3389/fnagi.2017.00057
https://doi.org/10.3389/fnagi.2017.00057
https://doi.org/10.3389/fimmu.2018.01832
https://doi.org/10.3389/fimmu.2018.01832
https://doi.org/10.1212/WNL.0000000000004057
https://doi.org/10.1212/WNL.0000000000004057
https://doi.org/10.3389/fnut.2021.628845
https://doi.org/10.3389/fnut.2021.628845
https://doi.org/10.1016/j.parkreldis.2023.105816
https://doi.org/10.1016/j.parkreldis.2023.105816
https://doi.org/10.1016/j.neuroscience.2015.03.017
https://doi.org/10.1016/j.neuroscience.2015.03.017
https://doi.org/10.1111/j.1749-6632.1992.tb17085.x
https://doi.org/10.1016/0306-9877(94)90060-4
https://doi.org/10.1001/archneur.1997.00550180070015
https://doi.org/10.1001/archneur.1997.00550180070015
https://doi.org/10.1002/mds.26819
https://doi.org/10.1002/mds.26819
https://doi.org/10.1093/aje/kwm338
https://doi.org/10.1093/aje/kwm338
https://doi.org/10.1093/ije/28.6.1102
https://doi.org/10.1016/j.phymed.2021.153676
https://doi.org/10.1016/j.phymed.2021.153676
https://doi.org/10.1126/science.6710156
https://doi.org/10.1159/000355849
https://doi.org/10.1016/j.cbpa.2008.02.019
https://doi.org/10.1016/s0899-9007(02)00916-4
https://doi.org/10.1007/s10072-015-2349-0
https://doi.org/10.1007/s10072-015-2349-0
https://www.imrpress.com


[45] Faiz M, Acarin L, Peluffo H, Villapol S, Castellano B, González
B. Antioxidant Cu/Zn SOD: expression in postnatal brain pro-
genitor cells. Neuroscience Letters. 2006; 401: 71–76. https:
//doi.org/10.1016/j.neulet.2006.03.010.

[46] Ilyechova EY, Miliukhina IV, Orlov IA, Muruzheva ZM,
Puchkova LV, Karpenko MN. A low blood copper concentra-
tion is a co-morbidity burden factor in Parkinson’s disease de-
velopment. Neuroscience Research. 2018; 135: 54–62. https:
//doi.org/10.1016/j.neures.2017.11.011.

[47] Pohanka M. Copper and copper nanoparticles toxicity and their
impact on basic functions in the body. Bratislavske Lekarske

Listy. 2019; 120: 397–409. https://doi.org/10.4149/BLL_2019_
065.

[48] McLeary FA, Rcom-H’cheo-Gauthier AN, Kinder J,
Goulding M, Khoo TK, Mellick GD, et al. Dexam-
ethasone Inhibits Copper-Induced Alpha-Synuclein
Aggregation by a Metallothionein-Dependent Mech-
anism. Neurotoxicity Research. 2018; 33: 229–238.
https://doi.org/10.1007/s12640-017-9825-7.

[49] Cheng WW, Zhu Q, Zhang HY. Mineral Nutrition and the Risk
of Chronic Diseases: A Mendelian Randomization Study. Nu-
trients. 2019; 11: 378. https://doi.org/10.3390/nu11020378.

9

https://doi.org/10.1016/j.neulet.2006.03.010
https://doi.org/10.1016/j.neulet.2006.03.010
https://doi.org/10.1016/j.neures.2017.11.011
https://doi.org/10.1016/j.neures.2017.11.011
https://doi.org/10.4149/BLL_2019_065
https://doi.org/10.4149/BLL_2019_065
https://doi.org/10.1007/s12640-017-9825-7
https://doi.org/10.3390/nu11020378
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Database and Survey Populations
	2.2 Ascertainment of PD
	2.3 Dietary Intakes
	2.4 Demographic Characteristics
	2.5 Statistical Analysis

	3. Results
	3.1 Characteristics of Included Participants
	3.2 Dietary Intakes and PD Risk

	4. Discussion
	5. Conclusions 
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

