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A B S T R A C T

Background: Depression and Parkinson’s disease (PD) are important public health issues strongly associated with 
diet and gut microbiota. The aim of this study was to investigate the association of the dietary index for gut 
microbiota (DI-GM) with Parkinson’s disease and depression.
Methods: This cross-sectional study used data from the National Health and Nutrition Examination Survey 
(NHANES) database (2007–2020), with a total of 26,473 participants aged 18–80 years, weighted to represent 
256 million US adults. Dietary recall data were used to calculate the DI-GM. Weighted logistic regression was 
used to analyze the relationship between the DI-GM and depression and PD, and to explore the potential 
mediating role of the DI-GM in depression and PD. Subgroup analyses and restricted cubic spline (RCS) analyses 
were also performed.
Results: The weighted prevalence of PD combined with depression was approximately 22.99 %. We found a 
possible inverted U-shaped relationship between DI-GM and depression. Higher DI-GM scores were associated 
with a lower risk of PD (OR = 0.84, 95 % CI (0.75,0.94)). Mediation modelling indicated no significant role for 
DI-GM in the relationship between depression and PD. The RCS showed a non-linear association between DI-GM 
and PD.
Conclusions: A dose-dependent nonlinear association was identified between the DI-GM and PD. Preliminary 
evidence suggests a potential inverted U-shaped DI-GM-depression relationship requiring validation. This sug-
gests that focusing on DI-GM may be helpful in studying PD and depression.
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1. Introduction

Parkinson’s disease (PD) is the second most prevalent neurodegen-
erative disease in the world after Alzheimer’s disease, with a global 
prevalence of 1.51 cases per 1000 individuals, reaching 9.34 cases per 
1000 individuals over the age of 60 (Ben-Shlomo et al., 2024; Zhu et al., 
2024). The potential etiological factors for PD encompass environmental 
factors (e.g., toxins and infectious microorganisms), lifestyle behaviors 
(e.g., diet), genetic predisposition, and comorbidities (e.g., diabetes) 
(Ben-Shlomo et al., 2024). Depression affects approximately 290 million 
people worldwide, representing the leading global burden of mental 
illness (Liu et al., 2024). Lifestyle factors, such as diet and smoking, have 

also been identified as risk factors for depression (Xu et al., 2023). An-
tidepressant’s may increase the risk of PD (Beydoun et al., 2022), and 
antiparkinsonian medications may also exacerbate depressive symp-
toms. PD and depression may share certain pathogenetic mechanisms 
that influence and accelerate disease progression.

The mechanism by which gut microbiota regulates neuropsychiatric 
disorders through the gut-brain axis has become a research hotspot. 
Existing evidence indicates that gut microbiota can participate in the 
pathological processes of depression and PD through neuroendocrine 
(such as serotonin synthesis), immune regulation (such as inhibition of 
the IL-6 pathway), and metabolic pathways (such as short-chain fatty 
acid-mediated changes in blood-brain barrier permeability) (Cryan 
et al., 2019; Sampson et al., 2016). Notably, diet, as a core environ-
mental factor affecting the structure and function of gut microbiota, may 
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indirectly intervene in disease risk by regulating microbiota homeostasis 
(Garcia-Montero et al., 2021; Valdes et al., 2018). Based on this, Kase 
et al. (Kase et al., 2024) constructed the Dietary Index of Gut Microbiota 
(DI-GM), which quantifies the potential impact of dietary patterns on 
microbiota function by integrating dietary quality scores with micro-
biota biomarkers (such as the Firmicutes/Bacteroidetes ratio). Its 
effectiveness has been validated through urinary enterolactone/enteric 
lactone bioavailability and microbiota diversity. Although gut micro-
biota dysbiosis has been shown to be associated with common patho-
logical features of depression and PD (such as neuroinflammation and 
dopamine metabolism disorders) (Qu et al., 2024; Zhang et al., 2024), it 
is unclear whether DI-GM plays a mediating role in the association be-
tween the two; previous studies have focused on the association between 
diet and a single disease (Kwon et al., 2024), lacking exploration of 
common mechanisms across diseases. Therefore, this study utilizes data 
from the National Health and Nutrition Examination Survey (NHANES) 
to explore the association between DI-GM and PD and depression, and to 
investigate the potential mediating role of DI-GM in depression and PD.

2. Methods

2.1. Study design and participants

In this cross-sectional study, data from the 2007–2020 NHANES were 
selected for analysis. The NHANES is produced by the National Center 
for Health Statistics (NCHS) conducts a nationally representative sample 
study to assess nutrition and health status in the United States. All 
subjects participating in the NHANES study were required to sign an 
informed consent form. The ethical content and data are available for 
consultation at https://www-cdc-gov-s.libyc.nudt.edu.cn:443/nchs/nh 
anes/. Exclusion criteria were as follows: age < 18 years, missing 
medication information, missing DI-GM-related dietary recall data, 
missing Health Questionnaire-9 (PHQ-9) and missing relevant cova-
riates. The flow chart is shown in Fig. 1.

2.2. Variables

2.2.1. Depression and Parkinson’s disease
In this study, the assessment of depressive mood was conducted 

using the PHQ-9, with a total PHQ-9 score of 9 or greater being indic-
ative of the presence of depression. This definition is frequently 
employed in epidemiologic studies to identify depression, exhibiting a 
sensitivity and specificity of 88% (Kroenke et al., 2001). In accordance 
with the findings of previous studies, patients who self-reported the use 
of anti-Parkinsonian medications, including Benztropine, Levodopa, 
Carbidopa, Methyldopa, Ropinirole, Entacapone, and Amantadine, were 
classified as cases of PD (Lyra et al., 2021).

2.2.2. Di-gm
Kase and colleagues (Kase et al., 2024) selected 14 foods or nutrients 

from 106 publications to define DI-GM. Among the beneficial compo-
nents identified were fermented dairy, chickpeas, whole grains, soy-
beans, fiber, avocados, cranberries, broccoli, coffee, and green tea. 
Conversely, the unfavorable components included processed meat, red 
meat, refined grains, and a high-fat diet (≥40 % of energy from fat). The 
scores for each group were defined as 0–1 based on the median intake, 
with DI-GM scores ranging from 0 to 13.

2.2.3. Covariates
Covariates were selected from previously explicitly reported factors 

affecting PD. These factors included demographic information, body 
mass index (BMI), smoking status, drinking status, hypertension, and 
diabetes. The demographic information collected included age, sex, 
race, poverty status, and marital status. The health habits under 
consideration were smoking and alcohol consumption. The racial cate-
gories included non-Hispanic White, Mexican American, non-Hispanic 
Black, and Other Race. Education was classified into the following cat-
egories: less than a high school diploma, high school graduate (including 
GED), some college or an associate’s degree, and college graduate or 
above. Marital status was classified into the following categories: never 
married, married (including those who were living with a partner), 
divorced (including separated), and widowed.

Fig. 1. Flowchart.
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2.3. Statistical analysis

To ensure the representativeness of the data set with respect to the 
US population, the data from the period between 2007 and 2020 were 
weighted. Descriptive statistics were employed to examine the general 
characteristics of the U.S. PD and non-PD populations. Categorical 
variables are expressed as percentages and continuous variables as mean 
± standard error (mean ± SE). Weighted Logistic regression models 
were employed to investigate the interrelationships between depression 
and DI-GM, PD and DI-GM, and PD and depression. The data were then 
categorized into quartiles based on the distribution of total DI-GM scores 
among the population (0–3, 4, 5, and ≥ 6), with the lowest quartile 
serving as the reference category. The original model was not adjusted 
for any variables, whereas Model 1 was adjusted for age, gender, and 
race. Model 2 was adjusted for marital status, educational attainment, 
and poverty, in accordance with the adjustments made in Model 1. 
Model 3 adjusted for smoking, alcohol consumption, BMI, hypertension, 
and diabetes on the basis of Model 2. Subgroup analyses were conducted 
for age, gender, race, obesity, diabetes, and hypertension groups. Sec-
ondly, we also assessed the mediating role of depression in the rela-
tionship between DI-GM and PD. Finally, restricted cubic spline (RCS) 
analysis was conducted on the DI-GM of patients with PD and depres-
sion. All data were statistically analyzed using R4.4.1. The Mediation 
package in R was used for mediation analysis (Wu et al., 2023). A two- 
sided test was employed, and a p-value of <0.05 was deemed statisti-
cally significant.

3. Results

3.1. Characteristics of the participant

A total of 26,473 subjects were included in the study, with the data 
weighted to represent 256 million US adults. The PD and non-PD groups 
exhibited significant differences in age, DI-GM, gender, race, hyper-
tension, diabetes, alcohol consumption, and depression. No differences 
were observed in BMI, poverty, marital status, acculturation, or smoking 
status. A detailed account of the specific results can be found in Table 1.

The relationship between depression and DI-GM, PD and DI-GM, and 
PD and depression is illustrated in Table 2. In Model 3, the OR was found 
to be 1.03 (95 % CI: 0.99, 1.06) for DI-GM score and depression. The OR 
was 1.30 (95 % CI: 1.11, 1.51) for the DI-GM (3,4] group and 1.26 (95 % 
CI: 1.08, 1.46) for the DI-GM (4,5] group, in comparison to the DI-GM 
score of [0,3] group. The test for trend was negative (P for trend 
>0.05). The data suggest the existence of an inverted U-shaped rela-
tionship between DI-GM and depression. A positive correlation was 
observed between higher DI-GM scores and a lower prevalence of PD 
(OR = 0.84, 95 % CI [0.75, 0.94]). The test for trend yielded a statisti-
cally significant result (P for trend <0.01). The odds ratio for depression 
in PD patients was 3.307 (95 % CI: 2.186, 5.002) compared to non- 
depressed patients. Furthermore, a non-significant mediating effect of 
DI-GM between depression and PD was observed (P > 0.05).The specific 
results are shown in Fig. 2. The RCS demonstrated a nonlinear rela-
tionship between DI-GM and depression (P-value for non-linearity 
<0.01), as well as DI-GM and PD (P-value for non-linearity <0.01). 
The specific results are shown in Fig. 3.

The model adjusted for age, sex, race, marital status, education level, 
poverty, hypertension, diabetes, smoking and drinking status.

3.2. Subgroup analyses

The results of the subgroup analyses are shown in Table 3. Compared 
with the lowest DI-GM (Q1), the highest DI-GM (Q4) was found in fe-
males (0.40, OR; 95 % CI, 0.23,0.69), without Obesity (0.39, OR; 95 % 
CI, 0.20,0.76), those without diabetes (0.42, OR; 95 % CI, (0.24,0.72) or 
Hypertension (0.48, OR; 95 % CI, (0.29,0.82)), and those age ≥ 60 years 
(0.47, OR; 95 % CI,0.26,0.86), Other Race (0.16, OR; 95 % CI, 0.04, 

0.59), Non-Hispanic White (0.44, OR; 95 % CI, 0.28,0.70). However, 
male, Diabetes, Obesity, without Hypertension, Mexican American, 
Non-Hispanic Black, 40–59 and 18–39 groups had no positive 
association.

4. Discussion

The results of this cross-sectional study indicate the potential exis-
tence of an inverted U-shaped curve between DI-GM and depression. 
There is a possibility of a dose-dependent, nonlinear correlation between 
the DI-GM and PD. The mediating effect of DI-GM between depression 
and PD was not statistically significant. In this study, the weighted 
prevalence of PD in conjunction with depression was determined to be 
22.99 %.

The modifying effect of diet on the gut microbiota in the context of 
neurological and psychiatric disorders has been a subject of considerable 
emphasis in recent research. Plant fiber and dairy products are signifi-
cant beneficial components of DI-GM, as they positively impact gut 
microbiota. It has been demonstrated that diets with high fiber content 
affect biome diversity, while dairy products affect microbial diversity 
and reduce inflammation levels (Wastyk et al., 2021). Broccoli and 
whole grains are rich in ferulic acid, and the presence of ferulic esterase 
in the gut microbiota facilitates the conversion of ferulic acid, which 

Table 1 
Weighted baseline characteristics of patients No-PD or PD.

variable total No-PD PD P value

Age (years) 47.07 ± 0.25 46.96 ± 0.25 57.86 ± 1.32 < 0.0001
BMI (kg/m2) 29.17 ± 0.08 29.16 ± 0.08 30.30 ± 0.55 0.05
poverty 3.04 ± 0.04 3.04 ± 0.04 2.76 ± 0.15 0.05
DI-GM 4.70 ± 0.02 4.71 ± 0.02 4.32 ± 0.14 0.01
Sex (%) 0.002

Female 50.74 50.62 62.86
Male 49.26 49.38 37.14

Eth (%) < 0.0001
Mexican 
American

7.95 7.99 3.38

Non-Hispanic 
Black

10.59 10.63 6.68

Non-Hispanic 
White

69.00 68.87 82.58

Other Race 12.46 12.51 7.36
Marital (%) 0.05

Married 63.40 63.39 63.98
Never married 18.62 18.68 12.29
Widowed 17.98 17.92 23.73

Education (%) 0.24
College Graduate 
or above

30.81 30.88 23.41

High School 
Graduate

22.58 22.55 26.23

less than high 
school

14.46 14.45 15.05

Some College or 
AA degree

32.15 32.12 35.30

Hypertension (%) < 0.0001
no 62.66 62.85 43.29
yes 37.34 37.15 56.71

Diabetes (%) 0.001
no 85.83 85.92 75.93
yes 14.17 14.08 24.07

Smoking (%) 0.76
never 55.52 55.50 57.36
former 24.95 24.97 22.47
now 19.54 19.53 20.17

Drinking (%) < 0.001
never 10.20 10.17 13.55
former 12.62 12.53 21.94
now 77.18 77.3 64.50

Depression (%) < 0.0001
no 92.07 92.21 77.01
Yes 7.93 7.79 22.99
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counteracts oxidative stress and reduces the production of free radicals 
in brain cells, thereby affecting PD (Kunnummal and Khan, 2024). 
Coffee has been demonstrated to improve gut microbial dysbiosis and 
confer neuroprotective benefits in individuals with PD (Liu et al., 2022). 
Green tea is a rich source of catechin, particularly the beneficial com-
pound Eigallocatechin-3-gallate (EGCG), which has been linked to 
neuroprotective effects in patients with PD. The gut microbiota-TotM 
pathway has been linked to EGCG-mediated neuroprotection (Xu 
et al., 2020). A diet high in fat has been demonstrated to disrupt the 

equilibrium of gut microbiota and affect gut microbial diversity, which 
in turn leads to inflammation and immune dysfunction, and thus may 
contribute to the development of PD (Neufeld et al., 2024). It has been 
demonstrated that individuals diagnosed with PD and those in the 
general population exhibit differences in their dietary habits, particu-
larly in their consumption of red meat and cereal products. Additionally, 
the relative abundance of specific bacterial species, namely Strepto-
coccus spp. and Lactobacillus spp., in the oral cavity is higher in in-
dividuals with PD compared to healthy controls (Zapala et al., 2022).

A growing body of research has demonstrated an imbalance in the 
gut microbiota of patients diagnosed with PD (Zhang et al., 2023; Vas-
cellari et al., 2020). A reduction in the number of short-chain fatty acid 
(SCFA)-producing bacteria has been observed in individuals with PD, 
which may affect the levels of several metabolites with potential pro-
tective effects (Vascellari et al., 2020). Elevated levels of Bifidobacte-
rium have been demonstrated to confer protection against PD, while 
LachnospiraceaeUCG010, RuminococcaceaeUCG002, Clostridium 
sensustricto1, Eubacterium hallii group, and Bacillales have been iden-
tified as PD-protective factors (Jiang et al., 2023). Conversely, Bacillales 
have been identified as risk factors for PD. Dietary habits exert a sig-
nificant influence on the diversity of the gut microbiota. A higher 
prevalence of Parabacteroides goldsteinii has been associated with a 
reduced risk of developing PD (Zeng et al., 2024). This suggests that 
dietary intervention may be an effective strategy for managing PD. DI- 
GM is correlated with markers of gut microbiota diversity and may be 
associated with an imbalance of gut microbiota (Kase et al., 2024). An 
imbalance in the gut microbiota may affect PD through the microbiota- 
gut-brain axis (Zhang et al., 2023). Moreover, an imbalance in the gut 
microbiota may also exert an influence on PD through the mediation of 
inflammatory factors (Franceschi et al., 2018; Zhang et al., 2023). Our 
research found that there is a curvilinear relationship between DI-GM 
and PD, with the lowest risk of PD at DI-GM = 5.93, indicating a 
possible dose-response relationship. Low dose Maslinic acid (MA) is 
beneficial for the growth of probiotics in PD mice, thereby increasing the 
levels of serotonin and gamma aminobutyric acid in the striatum; 
Although high-dose MA does not affect the composition of gut micro-
biota in PD mice, it significantly inhibits neuroinflammation. Different 
doses of MA protect PD through different mechanisms (Cao et al., 2023). 
Low dose microbial lipolysis (LPS), rather than high dose, altered 
measurements related to the intensity, distribution, and localization of 
alpha synuclein, which may have a dose-dependent effect on alpha 
synuclein the intestinal epithelium of Parkinson’s disease (Gorecki et al., 

Table 2 
Table Weighted logistic regression analysis between depression and DI-GM, PD 
and DI-GM, and PD and depression.

Crude model Model 1 Model 2 Model 3

Depression
DI-GM 0.95 

(0.92,0.98)
0.94 
(0.92,0.97)

1.02 
(0.99,1.06)

1.03 
(0.99,1.06)

DI-GM [0,3] ref ref ref ref
DI-GM (3,4] 1.18 

(1.01,1.37)
1.17 
(1.01,1.36)

1.29 
(1.10,1.50)

1.30 
(1.11,1.51)

DI-GM (4,5] 1.04 
(0.90,1.20)

1.03 
(0.89,1.19)

1.24 
(1.07,1.44)

1.26 
(1.08,1.46)

DI-GM 
(5,11]

0.83 
(0.71,0.98)

0.82 
(0.69,0.96)

1.12 
(0.94,1.34)

1.15 
(0.96,1.37)

P for trend <0.01 <0.01 0.29 0.18
PD
DI-GM 0.86 

(0.78,0.96)
0.82 
(0.74,0.91)

0.84 
(0.75,0.94)

0.84 
(0.75,0.94)

DI-GM [0,3] ref ref ref ref
DI-GM (3,4] 0.58 

(0.37,0.91)
0.57 
(0.36,0.89)

0.59 
(0.37,0.94)

0.59 
(0.37,0.94)

DI-GM (4,5] 0.42 
(0.26,0.68)

0.37 
(0.23,0.60)

0.39 
(0.24,0.64)

0.39 
(0.24,0.64)

DI-GM 
(5,11]

0.54 
(0.37,0.79)

0.43 
(0.29,0.63)

0.48 
(0.32,0.73)

0.49 
(0.32,0.74)

P for trend <0.01 <0.01 <0.01 <0.01
PD
No- 

depression
ref ref ref ref

Depression 3.54 
(2.46,5.08)

3.76 
(2.60,5.44)

3.35 
(2.23,5.04)

3.31 
(2.19,5.00)

P <0.01 <0.01 <0.01 <0.01

Model 1: adjusted for age, sex and race;
Model 2: adjusted for age, sex, race, marital status, poverty, educational level;
Model 3: further adjusted for drinking, smoking status, hypertension, diabetes 
based on Model 2.

Fig. 2. Mediation analysis of the DI-GM on the risk of depression and PD.
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2025). The nonlinear relationship between DI-GM and PD may be 
dependent on the dose.

Depression is a common non-motor symptom of PD. The weighted 
prevalence of PD in conjunction with depression was approximately 
22.99 %, a figure that is broadly consistent with the prevalence esti-
mates derived from epidemiologic studies (Goodarzi et al., 2016). The 
relationship between depression and PD is complex. While depression 
increases the risk of PD (hazard ratio (HR) = 1.75), PD increases the risk 
of depression more significantly (HR = 4.35) (Xiang et al., 2025). PD 
may directly disrupt the emotion regulation network via dopaminergic 
system dysfunction, extensive neurodegeneration and drug side effects 
(e.g. long-term levodopa use) (Becker et al., 2011). The promotion of PD 
by depression may be achieved via neuroinflammation and chronic 
stress pathways and requires a longer cumulative effect (Jankovic and 
Tan, 2020; Anderson and Maes, 2014). PD motor symptoms (such as 
bradykinesia) can lead to social isolation (Terracciano et al., 2023), 
while abnormalities in 5-HT binding in the basal ganglia (Tan et al., 
2011) and certain medications (such as pramipexole) may exacerbate 
the risk of depression synergistically. Overall, the relationship between 
the two conditions may be driven by bidirectional interactions or shared 

pathological mechanisms.
Depression and PD have similar pathogenesis characteristics, 

depression may be a precursor symptom of PD, and PD is often combined 
with depression (Zhang et al., 2024). Depression and PD have a shared 
pathogenesis, with alterations in the gut microbiota interacting with the 
nervous, immune, and endocrine systems. A reduction in the levels of 
Faecalibacteria and Prevotella has been observed in individuals with 
both PD and depression (Zhang et al., 2024). The gut microbiome and its 
metabolites have the potential to modulate levels of pentraxin, dopa-
mine, and brain-derived neurotrophic factor, increase intestinal 
permeability, and promote the secretion of inflammatory cytokines such 
as TNF-alpha and IL-6. This, in turn, affects the brain in the presence of 
depression (Pizzagalli and Roberts, 2022). The gut microbiota has been 
demonstrated to enhance the pro-inflammatory stimulatory effects of 
α-synuclein through multiple pathways, thereby promoting the secre-
tion of pro-inflammatory factors by microglia and ultimately leading to 
the death of dopamine neurons and the acceleration of PD progression 
(Qin et al., 2016). It is imperative that potential protective interventions 
for PD and depression be investigated. The correlation between DI-GM 
and markers of gut microbiota diversity may provide insights into the 

Parkinson's disease Depression

P ovarall 0.01, NL-Pvalue 0.01 P ovarall 0.01,NL-Pvalue 0.01

reference = 5.93 reference = 5.01

Fig. 3. Association between DI-GM and PD or depression by RCS.

Table 3 
Subgroup analysis of PD stratified by sex, obesity, eth, age, diabetes, and hypertension.

character Q1 
[0,3]

Q2 
(3,4]

Q3 
(4,5]

Q4 
(5,11]

P for trend P for interaction

Sex 0.48
Female ref 0.49(0.26,0.93) 0.30(0.15,0.62) 0.40(0.23,0.69) 0.01
Male ref 0.83(0.39,1.76) 0.62(0.31,1.23) 0.71(0.31,1.63) 0.35

Diabetes 0.47
No ref 0.64(0.37,1.13) 0.37(0.20,0.69) 0.42(0.24,0.72) 0.01
Yes ref 0.38(0.15, 0.93) 0.45(0.21, 0.99) 0.76(0.35, 1.63) 0.5

Obesity 0.71
Yes ref 0.72(0.36,1.45) 0.37(0.17,0.81) 0.62(0.35,1.10) 0.05
No ref 0.48(0.24,0.97) 0.38(0.20,0.75) 0.39(0.20,0.76) 0.01

Hypertension 0.85
Yes ref 0.67(0.34,1.29) 0.37(0.20,0.72) 0.48(0.29,0.82) 0.03
No ref 0.49(0.23,1.04) 0.41(0.18,0.95) 0.48(0.23,1.03) 0.09

Eth 0.01
Other Race ref 1.86(0.52, 6.66) 1.10(0.33, 3.70) 0.16(0.04, 0.59) 0.01
Non-Hispanic White ref 0.51(0.29,0.87) 0.35(0.20,0.60) 0.44(0.28,0.70) 0.01
Mexican American ref 0.22(0.05, 0.98) 0.17(0.05, 0.55) 0.83(0.26, 2.67) 0.78
Non-Hispanic Black ref 1.02(0.42, 2.50) 0.69(0.21, 2.21) 1.59(0.57, 4.44) 0.56

Age 0.92
≥60 ref 0.44(0.22,0.86) 0.44(0.25,0.79) 0.47(0.26,0.86) 0.03
40–59 ref 0.72(0.35,1.46) 0.35(0.15,0.83) 0.49(0.21,1.14) 0.06
18–39 ref 0.73(0.22, 2.44) 0.39(0.08, 1.91) 0.48(0.12, 1.92) 0.22

Obesity: BMI ≥ 30. Adjusted for age, sex, race, marital status, education level, poverty, hypertension, diabetes, smoking and drinking status except the stratification 
factor itself.
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potential role of DI-GM in future studies of PD and depression. In order 
to investigate the potential mediating role of DI-GM in the relationship 
between depression and PD, we employed a mediator model. It is 
regrettable that our findings did not support the hypothesis that DI-GM 
plays a mediating role.

This study has endeavored to explore the role of the DI-GM in 
depression and Parkinson’s disease. The present study has several 
notable strengths. Firstly, the results are representative of the popula-
tion under study, based on data from the NHANES. Moreover, sensitivity 
analyses were performed to enhance the robustness of the findings. 
However, there are some limitations to our study. The diagnosis of PD 
was based on self-reported prescription drug use, a criterion that has 
been employed similarly in other studies (Lyra et al., 2021). However, 
this differs somewhat from the clinical diagnosis made by healthcare 
professionals. Further validation is needed in future clinical samples. A 
score of 10 or above on the Patient Health Questionnaire-9 (PHQ-9) is a 
common criterion for diagnosing depression in epidemiological studies 
(Zhu et al., 2023), although this method differs somewhat from the gold 
standard for diagnosing depression. In conclusion, cross-sectional 
studies are unable to establish causal relationships, and further valida-
tion in prospective cohorts is required in the future.

5. Conclusion

The present study analyzed representative data from the United 
States in order to ascertain the relationship between DI-GM and PD. The 
analysis revealed a U-shaped curve relationship, which may be dose- 
dependent. The presence of an inverted U-shaped curve between DI- 
GM and depression is a possibility, while DI-GM does not demonstrate 
a significant mediating effect between depression and PD. The findings 
of this study may provide valuable dietary recommendations for the 
prevention and treatment of PD and depression.
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