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The gastrointestinal tract is not only an important component of the digestive system but also a 
crucial part of the body’s immune system. Numerous studies have reported that gastrointestinal 
immunity plays a critical role in many extraintestinal diseases, including neurodegenerative disorders. 
However, the relationship between gastric mucosal immunity and neurodegenerative diseases, such 
as Parkinson’s disease(PD), remains underexplored. The rate of H. pylori infection was assessed using 
the 13 C-Urea Breath Test (13 C-UBT) in a case-control study involving 315 PD patients and a control 
group of 22,383 outpatients. Multivariate regression and propensity score matching (PSM) analyses 
were employed to adjust for confounding factors. A lower H. pylori infection rate was found in PD 
cases compared to outpatient controls (DOB ≥ 8, 22.5% versus 27.5%, p = 0.049; DOB ≥ 4, 28.6% versus 
33.9%, p = 0.046). After adjusting for confounding factors, the H. pylori infection rate remained lower 
in PD cases compared to controls. The study revealed an inverse correlation between H. pylori infection 
and PD, suggesting that H. pylori infection could potentially act as a protective factor against the 
development of PD.
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The gastrointestinal tract serves not merely as a principal organ of digestion but also constitutes a critical 
immunological interface, orchestrating both local and systemic immune responses1,2. A substantial body of 
evidence has established that gut-associated lymphoid tissue (GALT)-mediated immunity exerts profound 
pathophysiological effects on the development and progression of diverse extraintestinal disorders3,4. 
Nevertheless, the potential mechanistic links between gastric mucosal immune regulation and the pathogenesis 
of extragastric diseases remain underexplored, with extant literature offering only fragmentary insights into this 
association.

Helicobacter pylori(H. pylori) is a microaerophilic Gram-negative bacterium and the most prevalent pathogen 
in the gastrointestinal tract worldwide, infecting approximately half of the global population5–8. Furthermore, 
H. pylori can persist long-term in the gastric antrum, triggering corresponding mucosal immune responses and 
exerting significant effects on human gastric mucosal immunity9–12. Research indicates its potential influence 
on various extragastric conditions, acting as a risk factor for some diseases while potentially offering protection 
against others13–15, such as Multiple sclerosis(MS) and inflammatory bowel disease (IBD), where the presence of 
H. pylori has shown protective effects15,16. However, research on the impact of H. pylori on extraintestinal diseases, 
particularly central nervous system disorders, is limited, with inconsistent conclusions and unclear mechanisms. 
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Given H. pylori’s protective role against intestinal mucosal inflammation in IBD, there is speculation about its 
potential inverse correlation with neurodegenerative diseases like Parkinson’s disease(PD).

PD is currently the second most prevalent neurodegenerative disorder worldwide, primarily affecting the 
elderly, with incidence increasing with age17–20. In addition to motor symptoms, over 80% of patients may 
experience a range of gastrointestinal symptoms, including swallowing difficulties, delayed gastric emptying, 
severe constipation, and anorectal dysfunction, which can occur years before the onset of motor symptoms21,22. 
The pathological features of PD include progressive apoptosis of dopaminergic neurons in the substantia nigra 
pars compacta of the midbrain and the formation of Lewy bodies composed of abnormal α-synuclein aggregates 
within neurons. Post-mortem anatomical and animal experimental studies have shown that Lewy bodies can 
also be found in the enteric nervous system and vagal nerve axis in PD patients23.

Current evidence regarding the association between gastrointestinal immunity and PD remains limited, 
characterized by insufficient mechanistic investigations in basic research and clinically heterogeneous studies 
with inadequate sample sizes and inconsistent findings. To address this critical knowledge gap, particularly 
concerning the potential link between H. pylori infection and PD pathogenesis, large-scale population-based 
studies with robust methodological designs are imperative. In this context, we implemented a nationwide 
population-based cohort study to systematically evaluate the epidemiological and pathophysiological 
relationship between H. pylori infection and PD risk.

Method
Ethical statement and study design
This was a case-control study with the subjects derived from the outpatients and inpatients in the Sichuan 
Provincial People’s Hospital, a provincial comprehensive hospital in Chengdu, China. All individuals provided 
their written, informed permission for the use of their clinical data in this study. Adhering strictly to the 
Declaration of Helsinki guidelines, this study received full approval from the Institutional Review Board for 
Clinical Research at the Sichuan Provincial People’s Hospital.

The PD cases were those definitively diagnosed by the Neurology Clinic and who agreed to participate in this 
study at this hospital from March 2022 to July 2024. During this period, the outpatients who undergopasting the 
13 C Urea Breath Test (13 C-UBT) were included in the control group. Additionally, since the PD patients were 
sourced from outpatient clinics, we collected data on all patients at this hospital who had undergone 13 C-UBT 
for H. pylori infection detection from 2022 to 2024. Written informed consent was obtained from all participants.

Definition of participants
Parkinson’s disease cases
Inclusion Criteria:

Patients diagnosed with PD were established by neurologists through Movement Disorder Society Clinical 
Diagnostic Criteria for Parkinson’s disease (PD)24, which was combined with comprehensive neurologic 
examinations, patient age, family history, and Parkinson’s diseasetous clinical manifestations. Only the initial 
test result will be recorded if multiple results are available and we did not exclude participants with eradication 
treatment.

Exclusion Criteria:
Participants with other severe neurodegenerative diseases besides Parkinson’s disease, such as Alzheimer’s 

disease, multiple system atrophy, progressive supranuclear palsy, etc., were excluded from the study.

Outpatient controls
Inclusion Criteria:

Participants from different outpatient departments in Sichuan provincial people’s hospital after 2022, who 
underwent 13 C-UBT. Only the initial test result will be recorded if multiple results are available and we did not 
exclude participants with eradication treatment.

Exclusion Criteria:
Participants with severe neurodegenerative diseases were excluded from the study.
H. pylori Eradicated cases could not be excluded and evaluation between current and past H. pylori infections 

could not be performed.

Definition of H. pylori infection
H. pylori infection was determined using the 13 C-UBT with the UREA-13 C breath test Heliforce kits (Beijing 
Richen-Force Science & Technology, Beijing, China). Breath samples were collected before and 30 min after 
ingestion of 75 mg of 13 C-urea by fasting patients (or those who had fasted for at least two hours). The breath 
samples were analyzed using an infrared heterodyne radiometer (Guangzhou Huayou Mingkang Optoelectronics 
Technology Co., Ltd, Guangzhou, China). Subjects who had taken histamine-2 receptor antagonists, proton 
pump inhibitors, antibiotics, bismuth compounds, or nonsteroidal anti-inflammatory drugs (excluding low 
doses of aspirin) in the preceding four weeks were excluded to avoid false-negative chances. This test provided 
a delta over baseline (DOB) value.

The determination of H. pylori infection positivity was conducted the following two criteria:

	(i)	 DOB ≥ 4.0: A DOB value of ≥ 4.0 was considered positive for H. pylori infection. Values below this threshold 
were considered negative by most of based health check-up population study.

	(ii)	 DOB ≥ 8.0: A DOB value of ≥ 8.0 was considered positive for H. pylori infection. Values below this threshold 
were considered negative. The magnitude of the DOB value is related to the severity of H. pylori infection, 
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with higher DOB values correlating with greater H. pylori density, as well as histopathological chronicity 
and activity indices.

In selecting two distinct cutoff values for the 13  C-UBT, we adopted DOB ≥ 4 as the threshold, a standard 
widely utilized in the majority of epidemiological surveys to facilitate comparisons across studies. However, 
acknowledging the potential for false positives at the DOB ≥ 4 level, we also employed a DOB ≥ 8 cutoff to 
enhance the reliability of H. pylori infection detection. The DOB ≥ 8 threshold maintains detection sensitivity 
while improving specificity for H. pylori infection. This dual-threshold approach offers a more comprehensive 
assessment of infection status and contributes to the increased reliability of our research findings.

Covariate definitions
Self-designed questionnaire and the electronic medical records are used to collect the sociodemographic and 
medical characteristics of PD patients and outpatient controls. Participants who PD and non-Parkinson’s 
diseasetous population are interviewed face to face by the research assistants being trained standard. The 
covariates include sex, age, area, disease history (e.g. hypertension, diabetes mellitus, coronary artery disease, 
Peptic ulcer(Gastric and/or duodenal ulcers), Digestive tract cancer(Gastric cancer, colorectal cancer and/or 
esophageal cancer)), et al.

Statistical analysis
Means ± standard deviations (SD) were calculated for continuous variables, while percentages were used for 
categorical variables in both the PD and comparison populations. Continuous variables were compared using the 
independent samples t-test. Categorical variables were compared using the χ² test, where applicable. Multivariate 
logistic regression and propensity score matching (PSM) analysis were utilized to exclude the selection bias 
and confounding factors. All variables with P < 0.05 in the univariate analysis were included in the multivariate 
logistic regression to investigate the associations between risk factors and H. pylori infection. Odds ratios (ORs) 
and 95% confidence intervals (CIs) were calculated. Data were analyzed using SPSS, version 24.0 (IBM Corp), 
GraphPad Prism version 9.5.0, and RStudio software, version R-4.2.3 (R Core Team, 2024). P value of less than 
0.05 was considered statistically significant (two-tailed tests).

Result
The general situation of PD patients and outpatients population
From 2022 to 2024, 315 PD patients diagnosed by neurologist in the department of neurology of this hospital 
were included. The average age of PD patients was 64.67 ± 10.21 years, and 50% of them were male.

During the same period, 22,383 outpatients population outpatients (older than 18 years) in the same hospital 
who had undergone the 13 C-UBT for H. pylori infection were included, comprising the hospital-based controls. 
The average age was 45.14 ± 10.31 years with 42% of them were male. The age and gender distribution were still 
different between the PD cases with outpatients’ population (Table 1).

Comparison of H. pylori infection rate between PD patients and outpatients population by 
univariate and multivariate logistic regression analysis
Due to significant differences in H. pylori infection rates across regions, study periods, and detection methods, 
we compared whether the baseline infection rate in this study exhibited substantial selection bias. Based on 
recent studies on H. pylori infection rates across various regions of China, we have compiled data from January 
2020 to the present. The subjects in these studies were all aged 18 years or older, and the detection of H. pylori 
infection was conducted using the 13 C-UBT. These data are consistent with the H. pylori infection prevalence 
observed in our hospital’s outpatient control group25–31.

Characteristic PD(315) outpatients(22383) P value

Sex, n (%)

 Male 157(49.8) 9384(41.9) 0.003

 Female 158(50.2) 12,999(58.1)

 Age, M(SD) 64.67(10.2) 45.14(14.3) <0.001

Area, n (%)

 Urban 143(45.4) 18,754(83.8) <0.001

 Rural 172(54.6) 3629(16.2)

 Hypertension, n (%) 83(26.3) 2080(9.3) <0.001

 Diabetes Mellitus, n (%) 36(11.4) 1049(4.7) <0.001

 Coronary Artery Disease, n (%) 12(3.8) 316(1.4) <0.001

 Peptic ulcer, n (%) 11(3.5) 731(3.3) 0.823

 Digestive tract cancer, n (%) 3(1.0%) 452(2.0%) 0.180

Table 1.  Comparison of the PD group and the outpatients population. n (%) indicates the number of 
constituents (n) and the composition ratio (%).
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In our statistical results, the univariate analysis showed that the H. pylori infection rate in PD patients was 
significantly lower than that of the overall outpatient controls (DOB ≥ 8, 22.5% vs. 27.5%, OR 0.77, 95% CI: 0.59-
1.00, p = 0.049; DOB ≥ 4, 28.6% vs. 33.9%, OR 0.78, 95% CI: 0.61-1.00, p = 0.046)(Fig. 1A).

Considering the potential influence of other factors, including gender, age, area, hypertension, diabetes, 
coronary artery disease, Peptic ulcer(Gastric and/or duodenal ulcers) and Digestive tract cancer(Gastric cancer, 
colorectal cancer and/or esophageal cancer), we conducted a multivariate analysis of H. pylori infection rates 
between PD patients and the outpatient controls. The results showed that the infection rate in PD patients was 
still significantly lower than that in the control group (DOB ≥ 8: OR 0.74, 95% CI: 0.56–0.97, p = 0.030; DOB ≥ 4: 
OR 0.73, 95% CI: 0.56–0.94, p = 0.015) (Fig. 1B). Additionally, regardless of whether the population was urban or 
rural, the H. pylori infection rate in PD patients was lower with a more pronounced and statistically significant 
difference observed in the rural population (Supplement Table 1, Supplement Fig. 1).

Comparison of H. pylori infection rate between PD patients and outpatient controls after 
PSM
To further validate the accuracy of these findings, we performed a PSM analysis. After balancing covariates, 
PSM confirmed lower H. pylori infection rates in PD cases than in outpatient controls(DOB ≥ 8: OR 0.69, 95% 
CI: 0.52–0.91, p = 0.009; DOB ≥ 4: OR 0.71, 95% CI: 0.55–0.92, p = 0.009) (Table 2; Fig. 2A). Logistic regression 
post-PSM revealed the same results with the above (DOB ≥ 8: OR 0.68, 95% CI: 0.52–0.90, p = 0.008; DOB ≥ 4: 
OR 0.70, 95% CI: 0.54–0.91, p = 0.007) (Fig.  2B). In conclusion, the infection rate in PD patients remained 
significantly lower than that in the control group, with a statistically significant difference.

Discussion
As we know, Parkinson’s disease (PD) is an age-related neurodegenerative disorder. Its onset is associated with 
multiple factors, including genetics and environmental influences, though the exact pathogenesis remains 
unclear. In this study, we found that the rate of H. pylori infection in PD patients was consistently lower than that 

Characteristics PD(315) Outpatients(2205) P value

Age, M(SD) 64.7 ± 10.2 63.7 ± 10.2 0.106

Sex (Male), n (%) 158(50.2) 1088(49.3) 0.786

Hypertension, n (%) 83(26.3%) 547(24.8%) 0.554

Diabetes Mellitus, n (%) 36(11.4%) 217(9.8%) 0.381

Coronary Artery Disease, n (%) 12(3.8%) 65(2.9%) 0.407

Peptic ulcer, n (%) 51(2.3%) 11(3.5%) 0.210

Digestive tract cancer, n (%) 12(0.5%) 3(1.0%) 0.385

Area(Rural), n (%) 172(54.6%) 1105(50.1%) 0.136

H. pylori Infection (DOB ≥ 4) 90(28.6%) 795(36.1%) 0.009

H. pylori Infection (DOB ≥ 8) 71(22.5%) 655(29.7%) 0.009

Table 2.  Comparison of the PD group and the outpatient controls after PSM. n (%) indicates the number of 
constituents (n) and the composition ratio (%).

 

Fig. 1.  Comparison of H. pylori infection rates in PD patients with outpatients population for confounding 
factors by multivariate logistic regression analysis. (A) Comparison of H. pylori infection rates in PD patients 
with outpatients population. (B) Association of H. pylori infection and PD by a multivariate logistic regression 
analysis. Odds ratio (ORs) was adjusted for the sex (male = 1, female = 0), age (years), Hypertension (Yes = 1, 
No = 0), Diabetes Mellitus (Yes = 1, No = 0), Coronary Artery Disease (Yes = 1, No = 0), Peptic ulcer (Yes = 1, 
No = 0), Digestive tract cancer(Yes = 1, No = 0), H. pylori infection (Positive = 1, Negative = 0). *p < 0.05.
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in the outpatient control group across various analytical methods, including univariate analysis, multivariate 
analysis, and propensity score matching (PSM) analysis. Additionally, we observed that, regardless of whether 
the population was urban or rural, the H. pylori infection rate in PD patients was lower than that in the control 
group, with a more pronounced and statistically significant difference observed in the rural population. This may 
be related to the simpler lifestyle and fewer confounding factors in rural areas(supplement Table 1). Considering 
that PD is associated with aging, we divided the PD and outpatients population groups using 65 years of age as 
a cutoff for comparison. In the univariate analysis and multivariate analysis, the infection rate in PD patients 
under 65 was significantly lower than in outpatients population patients, with statistical significance(supplement 
Table 2).

Previous studies have reported limited discussion on the relationship between H. pylori and PD, with most 
findings contrary to our results. Dobbs et al.32 reported a higher infection rate of H. pylori in PD patients (50 
out of 105, or 47.6%) compared to non-PD patients (39.5%), with a more pronounced difference in those under 
72 years old. The statistical analyses by Nafisah et al., Nielsen et al., and Bu et al.33–35 also indicated a higher 
infection rate in PD patients. Lee et al.36 found that H. pylori infection could reduce levodopa absorption during 
treatment, exacerbating symptom fluctuations. Mridula et al.18 noted that H. pylori infection affected levodopa 
absorption, leading to increased medication dosage. Liu et al.19 concluded from a three-group controlled trial that 
eradicating H. pylori improved clinical symptoms in PD patients, particularly in terms of bradykinesia. Lolekha 
et al.37 suggested that eliminating H. pylori could reduce symptom fluctuations in PD patients. However, other 
studies raised doubts. Nafisah et al., Narozanska et al., and Tan et al.6,34,38 argued that there were no significant 
improvements in clinical manifestations or UPDRS scores after H. pylori eradication in positive PD patients. 
Nonetheless, these studies have certain limitations: first, current research largely consists of small-sample case-
control and cross-sectional studies, with unclear theoretical mechanisms; second, because of the differences of 
the H. pylori infection rate in rural and urban area, past research has more focused on developed regions while 
studies in developing countries or rural areas are lacking. This study aims to address these limitations. Based 
on recent findings in further research on H. pylori and our statistical results, we suspect that the relationship 
between PD and H. pylori infection differs from earlier research. The clinical research results merit further 
discussion.

The pathogenesis of PD remains unclear. Brakk’s theory posits that PD may originate outside the CNS, with 
pathogens crossing the gastrointestinal barrier and entering the CNS via the vagus nerve, with non-motor 
symptoms like gastrointestinal dysfunction often preceding motor symptoms23. Also, some evidence suggests it 
may involve immune-related or autoimmune mechanisms39–42. This study found a negative correlation between 
PD and H. pylori, indicating a potential protective role of H. pylori, possibly through its modulation of immune 
responses, such as promoting regulatory T cell (Treg) activity in childhood and reducing inflammation39.The 
“hygiene hypothesis“43,44, which suggests that early exposure to enteric infections in less hygienic environments 
may prevent immune-related diseases later in life, further support the idea that early environmental exposures, 
including H. pylori, may influence PD development by affecting immune regulation and gut-brain interactions, 
warranting further investigation into H. pylori ‘s role in PD.

This clinical study does have limitations. First, it consists solely of single-center data, which may not fully 
represent the situation in different countries and regions. Conducting multicenter studies is necessary to 
confirm these findings. Second, variations in extra-gastric diseases associated with H. pylori may arise from 
diverse immune responses in hosts, yet we did not assess immune states in participants. Comparing immune 
responses between H. pylori-positive and -negative individuals among both PD patients and controls is essential.

In conclusion, the prevalence of H. pylori infection in PD patients was significantly lower than that in the 
outpatient control group, with this difference reaching statistical significance. Given that H. pylori infection is 

Fig. 2.  Comparison of H. pylori infection rates in PD patients with outpatient controls for confounding factors 
by PSM. (A) Comparison of H. pylori infection rates in PD patients with outpatients population after PSM. (B) 
Association of H. pylori infection and PD by a Logistic regression post-PSM. Odds ratio (ORs) was adjusted 
for the sex (male = 1, female = 0), age (years), Hypertension (Yes = 1, No = 0), Diabetes Mellitus (Yes = 1, No = 0), 
Coronary Artery Disease (Yes = 1, No = 0), Peptic ulcer (Yes = 1, No = 0), Digestive tract cancer(Yes = 1, No = 0), 
H. pylori infection (Positive = 1, Negative = 0). **p < 0.01.
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highly prevalent among middle-aged and younger populations, we propose that H. pylori colonization might 
exert a protective effect against PD development, particularly during the early stages of the disease. However, 
further experimental and clinical studies are warranted to validate this hypothesis.

Data availability
The datasets generated and/or analysed during the current study are not publicly available. Due to privacy pro-
tection and data security concerns, the data cannot be shared. However, upon reasonable request, the data may 
be made available from the corresponding author.
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