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Abstract 

Background Parkinson’s disease (PD) is the second most common neurodegenerative disease worldwide. Gut dys-
biosis is hypothesized to cause PD; therefore, whether probiotics can be used as adjuvants in the treatment of PD is 
being actively investigated.

Aims We performed a systematic review and meta-analysis to evaluate the effectiveness of probiotic therapy in PD 
patients.

Methods PUBMED/MEDLINE, EMBASE, Cochrane, Scopus, PsycINFO and Web of Science databases were searched till 
February 20, 2023. The meta-analysis used a random effects model and the effect size was calculated as mean differ-
ence or standardized mean difference. We assessed the quality of the evidence using the Grade of Recommendations 
Assessment, Development and Evaluation (GRADE) approach.

Results Eleven studies involving 840 participants were included in the final analysis. This meta-analysis showed high-
quality evidence of improvement in Unified PD Rating Scale Part III motor scale (standardized mean difference [95% 
confidence interval]) (− 0.65 [− 1.11 to − 0.19]), non-motor symptom (− 0.81 [− 1.12 to − 0.51]), and depression 
scale (− 0.70 [− 0.93 to -0.46]). Moderate to low quality evidence of significant improvement was observed in gastro-
intestinal motility (0.83 [0.45–1.10]), quality of life (− 1.02 [− 1.66 to − 0.37]), anxiety scale (− 0.72 [− 1.10 to − 0.35]), 
serum inflammatory markers (− 5.98 [− 9.20 to − 2.75]), and diabetes risk (− 3.46 [− 4.72 to − 2.20]). However, there 
were no significant improvements in Bristol Stool Scale scores, constipation, antioxidant capacity, and risk of dyslipi-
demia. In a subgroup analysis, probiotic capsules improved gastrointestinal motility compared to fermented milk.

Conclusion Probiotic supplements may be suitable for improving the motor and non-motor symptoms of PD and 
reducing depression. Further research is warranted to determine the mechanism of action of probiotics and to deter-
mine the optimal treatment protocol.
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Introduction
Parkinson’s disease (PD) is the second most common 
neurodegenerative disease after Alzheimer’s disease. 
According to the Global Burden of Disease study, the 
incident number of PD in 2019 was 1081.72 ×  103, which 
is an increase of 159.73% since 1990 [1]. The incidence of 
PD is increasing globally with the aging population, and 
has become a challenge to global health. PD is character-
ized by motor symptoms, such as resting tremors, rigid-
ity, bradykinesia, and postural instability, as well as by 
non-motor symptoms, such as gastrointestinal dysfunc-
tion, urinary incontinence, sweating, drooling, and neu-
ropsychiatric problems [2]. Consequently, these features 
lower the quality of life of patients with PD. Recently, 
the role of the gut–brain axis—a bidirectional connec-
tion between the enteric and central nervous systems—
has garnered attention [3, 4]. “Gut dysbiosis” refers to a 
change in immunity, inflammation, and neuromodula-
tion caused by microorganisms in the gastrointestinal 
tract and is considered to play a role in the pathophysi-
ology of PD. Currently, active research on this topic is 
ongoing [5–7]. Changes in the compositions of important 
microbes are thought to affect behavior, neurotransmit-
ter synthesis, microglial function, neurogenesis, and the 
blood–brain barrier; thus, these changes are ultimately 
implicated in the pathophysiology of PD [4].

According to the World Health Organization, probi-
otics are defined as “living microorganisms that, when 
administered in adequate amounts, provide a health 
benefit to the host” [8]. Given the anti-inflammatory 
effects of probiotics, they may be an adjuvant treatment 
option for the management of PD. However, previous 
clinical results have demonstrated that the effectiveness 
of probiotics in patients with PD is variable [9–16]. This 
meta-analysis aimed to analyze the quantitative effects of 
probiotics on gastrointestinal symptoms, inflammation, 
metabolic disease risk, and PD symptoms in patients 
with PD.

Methods
This meta-analysis study was conducted in accord-
ance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) 2020 statement 
[17, 18]. The PRISMA checklist is provided in Additional 
file  1. This review was registered in the International 
Prospective Register of Systematic Reviews (registration 
number CRD42022356798) on September 9, 2022.

Search strategy
Relevant studies were systematically searched for in the 
PUBMED/MEDLINE, EMBASE, Cochrane, Scopus, 
and PsycINFO databases from inception until Decem-
ber 12, 2022 and we updated our search on February 20 

2023. Additional articles were obtained by searching for 
citations in the list of included research and review arti-
cles. The search strategy was as follows: (“probiotic” OR 
“yeast” OR “yogurt” OR “fermented product” OR “lac-
tobacillus” OR “bifidobacterium” OR “fermented dairy 
product” OR “symbiotics” OR “cultured milk products”) 
AND (“Parkinson” OR “Parkinson’s disease” OR “parkin-
sonism”) (Additional file 2).

Inclusion and exclusion criteria
The study inclusion criteria followed the Population, 
Intervention, Comparison, Outcomes and Study design 
(PICOS) framework. The target population included 
adult patients with idiopathic Parkinson’s disease who 
were 18  years old or older and diagnosed according to 
certain criteria (PD UK Social Brain Bank Standard, 
Queen Square Brain Bank Standard). The consumption/
administration of probiotics such as pills or fermented 
milk over a period of time was considered an “interven-
tion.” For comparison, those in whom probiotics were 
not administered or in whom a placebo was adminis-
tered comprised the control group. The included out-
comes were: (1) gastrointestinal symptoms with bowel 
movement, stool type, and constipation symptom data; 
(2) inflammation with data relating to inflammatory 
markers (nitric oxide, malondialdehyde, and high-sensi-
tivity C-reactive protein) and antioxidant markers (total 
glutathione level and antioxidant capacity); (3) risk of 
metabolic syndrome as determined by fasting plasma 
glucose, serum insulin, and serum cholesterol levels; 
and (4) scores of Parkinson’s disease-related scales: The 
Parkinson’s Disease Questionnaire (PDQ-39), Non-
Motor Symptoms Questionnaire (NMSQ), and Unified 
Parkinson’s Disease Rating Scale (UPDRS). The study 
design included only randomized controlled trials that 
reported baseline and post-intervention data or changes 
in baseline data. Non-human studies, cohort studies, case 
reports, and studies that did not adhere to the PICOS 
framework were excluded.

Data extraction and quality assessment
Two reviewers (JMP and YWK) independently extracted 
relevant information from studies, including the name of 
the first author, year of publication, patient demographic 
data, type of intervention (probiotic strain), interven-
tion protocol, mean age, sex (male, %), sample size, and 
outcomes.

To identify the risk of bias, the quality of the included 
studies was evaluated using the Revised Cochrane Risk 
of Bias Tool for Randomized Trials (RoB2) to identify the 
risk of bias. The RoB2 assesses the following five compo-
nents of risk of bias: the randomization process, devia-
tions from the intended interventions, missing outcome 
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data, measurement of the outcome, and selection of the 
reported results. Each part was evaluated as having a low 
risk of bias, some concerns of bias, high risk of bias, or 
no information [19]. Discrepancies in data extraction 
and quality assessment were resolved through discus-
sion between the investigators. Following the recommen-
dations of previous studies [20, 21], we also planned to 
evaluate publication bias via funnel plots once more than 
three studies were reviewed.

Grading of the evidence
The Grading of Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE) tool was used to 
assess the certainty of the evidence of the included meta-
analyses, consisting of five domains: (1) risk of bias, (2) 
inconsistency, (3) indirectness, (4) imprecision, and (5) 
publication bias. The certainty of the evidence was rated 
as high, moderate, low, or very low [22].

Statistical analysis
Cohen’s kappa statistic was used to calculate the level of 
agreement between the two reviewers regarding study 
inclusion. In this meta-analysis, we performed statistical 
standardization of the effect sizes of probiotics on Par-
kinson’s. First, the mean and standard deviation (SD) of 
the change-from-baseline values in the treatment and 
control groups were calculated. For studies with insuffi-
cient data, the mean and SD values of the changes from 
baseline values were calculated with reference to Chap-
ter  6 of the Cochrane Handbook (version 6.3). In the 
trials that examined the different effects of probiotics, 
participants in each category were included in a separate 
meta-analysis. The effect sizes were expressed as stand-
ard mean differences (SMD) in a random effects model, 
and 95% confidence intervals (CI) between the treatment 
and control groups were calculated for each study and 
measure. Due to the relatively small number of hetero-
geneous studies, we used a random-effects meta-analysis 
with Hartung–Knapp–Sidik–Jonkman (HKSJ) adjust-
ments [23]. Heterogeneity between studies was assessed 
using  I2 and P-values from the Cochrane Q test. Publica-
tion bias was assessed by visual inspection of funnel plots 
and the Egger bias test. All statistical tests were two-
sided, and P < 0.05 was considered statistically significant 
using Stata version 17 (Stata Corp LP, College Station, 
TX, USA).

Results
Study identification and characteristics
A total of 293 studies were screened, of which 116 dupli-
cate studies were excluded. After reading the titles and 
abstracts, 114 and 49 papers were excluded, respectively. 
Of the remaining 14 studies, three were excluded for 

various reasons (reports not retrieved, insufficient detail 
in the data, and incomplete study protocol information), 
and 11 were finally included in the meta-analysis. The 
degree of agreement of the full-text review phase was cal-
culated using the Kappa score (kappa = 0.831; standard 
error = 0.160), which showed good agreement among the 
reviewers. A flowchart depicting the selection of stud-
ies is presented in Fig. 1. This meta-analysis included 11 
studies and 840 patients with PD.

The number of participants in the included studies 
ranged from 40 [11] to 122 [16] participants, and the 
average age of the participants was between 66.5 [24] 
and 75.6 [11] years. All studies included both men and 
women. The duration of probiotic administration ranged 
from 4 [9, 13, 15] to 12 [10, 11, 14, 16, 10–11] weeks. Pro-
biotics were administered in the form of fermented milk 
[9, 13, 16], capsules [10–12, 10–12, 10–12] or powder in 
sachets [26]. The detailed characteristics of the included 
studies are summarized in Table 1.

Risk of bias assessment and assessment of publication bias
All 11 studies were randomized trials, and the majority 
(n = 7) described the randomization methods employed. 
However, only the abstract was available for two [13, 
16] studies, which did not provide sufficient informa-
tion, while two other studies [11, 25] did not sufficiently 
explain the allocation concealment method employed. 
The types of probiotics utilized in the intervention and 
placebo groups were identical and blinded in most stud-
ies; therefore, the risk of bias due to deviations from the 
intended intervention was low. However, two studies 
[16, 25] did not comment on the details of the placebo 
intervention protocol. A missing outcome bias was also 
reported in one study [16], and this was low risk in seven 
studies. Although most studies did not mention detec-
tion biases, gastrointestinal symptoms, inflammation, 
metabolic disease risk, and PD scores were measured 
quantitatively using various scales. All studies were rated 
as having a low-risk bias in outcome measures as the 
influence of knowledge was small.

All studies except one [13] were conducted according to 
a pre-randomized study protocol; therefore, the reported 
results were rated as having low selection bias. A traffic 
light plot for the assessment of each included study is 
shown in Fig. 2. The publication bias for each meta-anal-
ysis is shown in Additional file 3 as a funnel plot. In addi-
tion, publication bias was confirmed using Egger’s test. 
Statistically significant publication biases were identi-
fied for gastrointestinal motility (P = 0.02), inflammation 
markers (P = 0.02), diabetes risk (P = 0.001), dyslipidemia 
risk (P = 0.01), and subgroup analyses (P = 0.01). Factors 
such as Bristol Stool Scale scores (P = 0.82), constipation 
symptom reduction levels (P = 0.16), antioxidant marker 
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levels (P = 0.05), UPDRS Part III scores (P = 0.19), quality 
of life measures (P = 0.23), anxiety scale scores (P = 0.62), 
and depression scale scores (P = 0.62) showed no signifi-
cant publication biases.

Effects of probiotics on gastrointestinal symptoms
Gastrointestinal motility per week were reported in six 
studies [9, 12, 13, 15, 12–13] that included eight compari-
sons. The meta-analysis showed significant improvement 
in the probiotics groups (SMD, 0.83; 95% CI 0.63 to 1.04). 
Subgroup analyzes were performed according to the fol-
low-up period, as the length of follow-up varied between 
studies and ranged from 4 to 12 weeks. Three studies [9, 
15, 24] that followed up after 4  weeks showed signifi-
cant improvement in the probiotics groups (SMD, 0.78; 
95% CI 0.35 to 1.12). Two studies [12, 13] that followed 
up after 8 weeks showed significant improvement in the 
probiotics groups (SMD, 0.74; 95% CI 0.35 to 1.12). Two 
studies [24, 25] that followed up after 12 weeks showed 
significant improvement in the probiotics groups (SMD, 
1.12; 95% CI 0.75 to 1.50) (Fig. 3A). The gastrointestinal 
motility quality of evidence was estimated as moderate 
performing the GRADE system (based on the publication 
bias) (Table 2).

Bristol stool scale were reported in four studies 
included five comparisons. The meta-analysis showed 
no significant difference between the experimental and 

control groups (SMD, 0.46; 95% CI − 0.50 to 1.42). Three 
studies [9, 15, 24] that followed up after 4 weeks showed 
no significant difference (SMD, 0.15; 95% CI −  0.65 
to 0.95). Two studies [24, 25] that followed up after 
12  weeks showed no significant difference (SMD, 0.95; 
95% CI −  1.92 to 3.82) (Fig.  3B). The bristol stool scale 
quality of evidence was estimated as low performing the 
GRADE system (based on the inconsistency and impreci-
sion) (Table 2).

Symptoms of constipation were reported in four studies 
[11, 15, 24, 25] that included seven comparisons. There 
were no significant differences in the summary effect 
size between the groups (SMD, − 0.63; 95% CI − 1.72 to 
0.46). Two studies [15, 24] that followed up after 4 weeks 
showed no significant difference (SMD, −  1.30; 95% CI 
−  2.78 to 0.18). Three studies [11, 24, 25] that followed 
up after 12 weeks showed no significant difference (SMD, 
− 0.33; 95% CI − 1.93 to 1.27) (Fig. 3C). The constipation 
symptom quality of evidence was estimated as very low 
performing the GRADE system (based on the risk of bias, 
inconsistency, indirectness and imprecision) (Table 2).

Effects of probiotics on inflammation
Three studies [10, 14, 26] assessed serum inflammatory 
markers such as nitric oxide (μmol/L), malondialdehyde 
(mmol/L), and high-sensitivity C-reactive protein. The 

Fig. 1 PRISMA flow-chart of the screening and selecting processes of the studies
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meta-analysis revealed a significant reduction in the 
serum levels of inflammatory markers in the probiotic 
groups (SMD, − 5.98; 95% CI − 9.20 to − 2.75) (Fig. 4A). 
The quality of evidence for inflammatory markers was 
estimated to be very low according to the GRADE system 
(based on inconsistency, indirectness, and publication 
bias) (Table 2).

Three studies [10, 14, 26] assessed total glutathione 
(μmol/L) and total antioxidant capacity (mmol/L) lev-
els. The meta-analysis showed no significant difference 
(SMD, 0.92; 95% CI − 0.28 to 2.13) in antioxidant mark-
ers (Fig. 4B). The quality of the antioxidant marker data 
was estimated to be very low according the GRADE sys-
tem (based on inconsistency, indirectness, and impreci-
sion) (Table 2).

Effect of probiotics on metabolic syndrome risk
Metabolic syndrome risk was identified by assessing 
the risk of diabetes and dyslipidemia. One study [14] 
included four comparisons pertaining to the risk of dia-
betes (fasting plasma glucose [mg/dL], serum insulin 
[mIU/mL], homeostasis model of assessment-estimated 
insulin resistance, and quantitative insulin sensitivity 
check index). The meta-analysis revealed a significant 
reduction in the risk of diabetes in the probiotic groups 
(SMD, −  3.46; 95% CI −  4.72 to −  2.20) (Fig.  5A). The 
quality of evidence for the risk of diabetes was estimated 
to be very low according to the GRADE system (based 

Fig. 2 Risk of bias of the included studies. The risk of bias was 
assessed using the Cochrane Risk of Bias 2.0 Tool

Fig. 3 Meta-analysis of the effects of probiotics on gastrointestinal symptoms in Parkinson’s disease.
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on inconsistency, indirectness, and publication bias) 
(Table 2).

The aforementioned study above [14] also included 
five comparisons of the risk of dyslipidemia (serum lev-
els of triglycerides [mg/dL], very-low-density lipopro-
tein (VLDL)-cholesterol [mg/dL], total cholesterol [mg/
dL], low-density lipoprotein (LDL)-cholesterol [mg/dL], 
and HDL-cholesterol [mg/dL]). There were no signifi-
cant differences between the groups (SMD, − 1.18; 95% 
CI − 2.48 0.12) in the risk of dyslipidemia (Fig. 5B). The 
quality of evidence for the risk of dyslipidemia was esti-
mated to be very low according to the GRADE system 
(based on inconsistency, indirectness, imprecision, and 
publication bias) (Table 2).

Effects of probiotics on PD scale scores
Two studies [12, 24] included UPDRS Part III motor 
scores, and there were significant improvements in the 
probiotic groups (SMD, − 0.65; 95% CI − 1.11 to − 0.19) 
(Fig.  6A). The UPDRS Part III quality of evidence was 
estimated to be high according to the GRADE system 
(Table 2).

Two studies [12, 16] reported Non-Motor Symp-
toms Questionnaire (NMSQ) scores. The meta-analysis 
revealed a significant reduction in NMSQ scores in the 
probiotic groups (SMD, − 0.81; 95% CI − 1.12 to − 0.51) 
(Fig. 6B). The NMSQ quality of evidence was estimated 
to be high according to the GRADE system (Table 2).

Quality of life was reported in six studies [12, 15, 16, 
15–16] that included seven comparisons. There were 
significant improvements in the probiotic groups (SMD, 
−  1.02; 95% CI −  1.66 to −  0.37). Two studies [15, 24] 
that followed up after four weeks showed significant 
improvements in the probiotic groups (SMD, − 1.32; 95% 
CI −  2.36 to −  0.28). Four studies [16, 24–26] that fol-
lowed up after 12 weeks also showed significant improve-
ments in the probiotic groups (SMD, −  1.11; 95% CI 
−  2.09 to −  0.13) (Fig.  6C). The quality of evidence for 
quality of life was estimated to be moderate according to 
the GRADE system (this was reduced due to inconsist-
ency) (Table 2).

Effects of probiotics on patients’ mental health
Two studies [16, 24] used the Hamilton Anxiety Rat-
ing Scale (HAMA) and one study [26] used the Hospital 
Anxiety and Depression Scale (HADS) Anxiety subscale. 
There were significant improvements in the probiotic 
groups (SMD, − 0.72; 95% CI − 1.10 to − 0.35). In addi-
tion, three studies [16, 24, 26] that followed up after 
12  weeks showed significant improvements in the pro-
biotic groups (SMD, − 0.79; 95% CI − 1.29 to − 0.28) 
(Fig.  7A). The quality of evidence for the anxiety scales 

was estimated to be moderate according to the GRADE 
system (reduced due to inconsistency) (Table 2).

Two studies [16, 24] used the Hamilton Depression 
Rating Scale (HAMD) and one study [26] used the Hos-
pital Anxiety and Depression Scale (HADS) Depression 
subscale. There were significant improvements in the 
probiotic groups (SMD, − 0.70; 95% CI, − 1.04 to − 
0.43). In addition, three studies [16, 24, 26] that followed 
up after 12  weeks showed significant improvements in 
the probiotic groups (SMD, − 0.73; 95% CI, − 1.04 to − 
0.43) (Fig. 7B). The quality of evidence for the depression 
scales was estimated to be high according to the GRADE 
system (Table 2).

Subgroup analysis
A subgroup analysis was performed according to the 
probiotic intake method. Both fermented milk (SMD, 
0.55; 95% CI 0.33 to 0.77) and capsules (SMD, 1.06; 
95% CI 0.85 to 1.28) demonstrated significant improve-
ments in gastrointestinal motility (Fig. 8). The effect was 
greater when probiotics were ingested as capsules com-
pared to when consumed as fermented milk. The qual-
ity of evidence was estimated as moderate according to 
the GRADE system (reduced due to publication bias) 
(Table 2).

Safety/adverse events
Five [11, 14, 24–26] of the ten included studies reported 
no adverse effects. Two studies [9, 12] reported abdomi-
nal bloating, whereas one study [12] reported dizziness. 
Lethargy was reported in one patient, and this improved 
a week after discontinuation of the probiotics [15]. There 
were no reports of safety in any of the included studies, 
and no adverse events were reported in three studies [10, 
13, 16].

Discussion
This study performed a comprehensive and quantitative 
evaluation of randomized controlled trials on the effects 
of probiotics in patients with PD. We found high-quality 
evidence that probiotics significantly improve motor, 
non-motor PD symptoms, and depression. Moderate 
quality of evidence suggests that probiotics significantly 
increase gastrointestinal motility and quality of life and 
reduce anxiety. Low or very low quality evidence showed 
a significant reduction in serum levels of inflamma-
tory markers and risk of diabetes. However, stool qual-
ity, constipation, antioxidant marker level, and risk of 
dyslipidemia were low or very low quality evidence, and 
there was no significant difference between the probi-
otic group and the control group. The improvement in 
gastrointestinal motility was greater when the probiotics 
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were administered in capsules compared to when they 
were consumed in fermented milk forms. In addition, 
the longer the follow-up period, the better the gastroin-
testinal motility and mental health scores. These results 
suggest that probiotics can be considered as an adjuvant 
treatment option based on the pathophysiology of “gut 
dysbiosis” in patients with PD.

. Studies from 1957 and 1960 revealed a loss of neurons 
in the substantia nigra and decreased dopamine levels 
in the striatum in patients with PD [27, 28]. In addition, 
degeneration of dopaminergic neurons in the substantia 

nigra compacta and projections to the striatum can 
induce PD. This denaturation appears as toxic aggrega-
tion of alpha-synuclein (α-syn), a major component of 
Lewy bodies [29]. Due to neuroinflammation through 
the blood–brain barrier and vagus nerve, α-syn, a patho-
logical marker of PD, accumulates in the central nervous 
system, peripheral nervous system, and enteric nervous 
system [30, 31] (Fig.  9). Short-chain fatty acids (SCFAs) 
are major metabolites produced by microorganisms in 
the large intestine through anaerobic fermentation of 
undigested polysaccharides. SCFAs play an important 

Table 2 Summary of the findings and quality of evidence assessment using the GRADE approach

UPDRS, Unified Parkinson’s Disease Rating Scale; NMSQ, Non-Motor Symptoms Questionnaire.
a Risk of bias based on the Revised Cochrane Risk of Bias Tool for Randomized Trials (RoB2)
b Downgraded if a significant and unexplained heterogeneity  (I2 > 50%, P < 0.10) was not explained by meta-regression or subgroup analysis results
c Downgraded if there were any factors related to the participants, interventions, or results that limited the generalizability of the results
d Downgraded if the 95% confidence interval (95% CI) crossed the benefit-or-harm boundary
e Downgraded if there was evidence of publication bias using Egger’s test
f Because all included studies were meta-analyses of randomized clinical trials, the certainty of the evidence was graded as high for all outcomes by default and then 
downgraded according to prespecified criteria. Quality was graded as high, medium, low, or very low.

Outcome 
measure

Summary 
of findings

Quality of evidence assessment (GRADE)

No. of 
patients 
(trials)

Effect size (95% 
CI)

Risk of  biasa Inconsistencyb Indirectnessc Imprecisiond Publication 
 biase

Quality of 
 evidencef

Gastrointestinal 
motility

210 (8) 0.83 (0.63, 1.04) Not serious Not serious Not serious Not serious Serious Moderate

Stool type: Bris-
tol Stool Scale

210 (5) 0.46 (− 0.50, 1.42) Not serious Serious Not serious Serious Not serious Low

Constipation 
symptom 
reduction

258 (7) − 0.63 (− 1.72, 
0.46)

Serious Serious Serious Serious Not serious Very low

Inflammation 
markers

250 (4) − 5.98 (− 9.20, − 
2.75)

Not serious Serious Serious Not serious Serious Very low

Antioxidant 
markers

330 (5) 0.92 (− 0.28, 2.13) Not serious Serious Serious Serious Not Serious Very low

Diabetes risk 240 (4) − 3.46 (− 4.72, − 
2.20)

Not serious Serious Serious Not Serious Serious Very low

Dyslipidemia 
risk

240 (5) − 1.18 (− 2.48, 
0.12)

Not serious Serious Serious Serious Serious Very low

UPDRS Part III 219 (3) − 0.65 (− 1.11, − 
0.19)

Not serious Not serious Not serious Not serious not serious High

NMSQ 177 (2) − 0.81 (− 1.12, − 
0.51)

Not serious Not serious Not serious Not serious Not serious High

Quality of life 509 (7) − 1.02 (− 1.66, − 
0.37)

Not serious Serious Not serious Not serious Not serious Moderate

Anxiety Scale 366 (4) − 0.72 (− 1.10, − 
0.35)

Not serious Serious Not serious Not serious Not serious Moderate

Depression 
Scale

366 (4) − 0.70 (− 0.93, − 
0.46)

Not serious Not Serious Not serious Not serious Not serious High

Gastrointestinal 
motility: fer-
mented milk

360 (3) 0.55 (0.33, 0.77) Not serious Not serious Not serious Not serious Serious Moderate

Gastrointes-
tinal motility: 
capsules

392 (6) 1.06 (0.85, 1.28) Not serious Not serious Not serious Not serious Serious Moderate
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Fig. 4 Meta-analysis of the effects of probiotics on inflammation in Parkinson’s disease.

Fig. 5 Meta-analysis of the effects of probiotics on metabolic syndrome risk in Parkinson’s disease.
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role in maintaining intestinal barrier integrity, prevent-
ing microbial migration, and preventing inflammation 
by regulating the expression of tight junction proteins 
[32]. An imbalance in the gut flora due to increased 
harmful bacteria creates endotoxins (e.g., lipopolysac-
charides [LPS]) and damages the intestinal barrier, thus 
triggering the migration of microorganisms and bacterial 

metabolites and consequently inducing pro-inflamma-
tory pathways.

LPS interact with immune cells to induce cytokines, 
such as tumor necrosis factor and interleukins to induce 
systemic inflammatory responses [33]. LPS also inter-
act with intestinal glial cells and brain microglia cells 
to activate inflammatory cytokines (nuclear factor 

Fig. 6 Meta-analysis of the effects of probiotics on Parkinson’s disease-related scales.
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kappa-light-chain-enhancer of activated B cells and pro-
inflammatory cytokine interleukin-1β via cluster of dif-
ferentiation 14 + and Toll-like receptor 4 receptors, 
which in turn produce neuroinflammatory α-syn aggre-
gation in the vagus nerve and brain [34–38]. The vagus 
nerve directly innervates the myenteric plexus, where 
neurons run through the prevertebral ganglia within the 
spinal cord and finally to the brain. According to Braak’s 
hypothesis, pathogens enter the oral and nasal cavities 
and initiate the formation of Lewy bodies, resulting in 
sporadic PD [39]. Aggregation of α-syn initiates in the 

gut and olfactory sensory nerves, passes through the 
nasal olfactory lobe to the midbrain, and then the vagus 
nerve propagates α-syn to the brainstem and cortex [31, 
40].

Bacteria that aid in SCFAs production include 
Butyricicoccus, Clostridium sensu stricto, Roseburia, 
and Faecalibacterium prausnitzii, whereas bacteria that 
decrease SCFAs and increase LPS include Akkerman-
sia, Escherichia/Shigella, Flavonifractor, Intestinimonas, 
Phascolarctobacterium, and Sporobacter [41–47]. The 
effectiveness of probiotics on gut dysbiosis has been 

Fig. 7 Meta-analysis of the effects of probiotics on mental health in Parkinson’s disease.  Anxiety Scale.
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confirmed in several papers. In a C. elegans model of 
synucleinopathy, Bacillus subtilis was effective in elimi-
nating α-syn aggregates and preventing their further 
aggregation [48]. In an in vitro model of the human colon 
microbiome, Bifidobacterium longum subsp. infantis 
(B. infantis) reduced the levels of LPS [49]. In addition, 
fermented milk containing lactic acid bacteria reduced 
LPS-induced neuroinflammation in a rat model [50]. 
Furthermore, in both in vitro and in vivo models of PD, 
probiotics reversed “gut dysbiosis” by altering the com-
position of the gut microbiome, thus disrupting pathways 
associated with inflammation [51, 52]. The above studies 
may explain the results that taking probiotics improves 
motor and non-motor symptoms in PD patients.

In addition to their effects on PD, the effects of probi-
otics on metabolic disorders are well known. The effects 
of probiotics on intestinal hormone and short-chain pro-
duction affect glucose and lipid metabolism [53]. Sup-
plementation with Lactobacillus casei has been shown 
to improve the glycemic response in diabetic patients 
by increasing levels of sirtuin 1, which is a key regula-
tor of homeostasis and improves glucose metabolism by 
affecting gene expression. Lactobacillus rhamnosus has 
been reported to decrease blood glucose levels in dia-
betic mice by suppressing gluconeogenesis-associated 

gene expression, whereas Lactobacillus acidophilus has 
been shown to function as an antidiabetic agent by reg-
ulating the expression levels of genes related to glucose 
and lipid metabolism as well as inflammatory cytokines, 
such as glycogen synthase kinase 3β and sterol regula-
tory element-binding transcription factor 1c [54]. Certain 
strains of probiotics are capable of breaking down bile 
salts, resulting in a reduction in blood cholesterol levels. 
Probiotics also affect the expression of fasting-induced 
adipose factor (FIAF), which can limit the activity of lipo-
protein lipase (LPL) and fat storage [55, 56]. However, 
unlike previous studies, this study found that taking pro-
biotics reduced the risk of diabetes but did not make a 
significant difference to the risk of hyperlipidemia in PD 
patients. The evidence quality of this analysis is consid-
ered very low, most likely due to indirectness and impre-
cision resulting from merging markers from multiple 
blood tests from a single study.

Strengths and limitations
The core strength of this meta-analysis is that we used 
quantitative statistical methods to determine the most 
comprehensive effects of probiotics in patients with PD.

Fig. 8 Subgroup analysis of the effects of probiotics on gastrointestinal motility by administration method
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Although there have been few clinical trials in humans, 
our meta-analysis provides insights into the effects 
of probiotics on PD. Additionally, we compared the 
effects of probiotics according to type and duration of 
administration.

This meta-analysis has several limitations. First, the 
number of studies and participants was small. To reduce 
heterogeneity between studies, we only included stud-
ies of participants diagnosed with idiopathic PD and 
excluded studies of patients with secondary parkinson-
ism, including a relatively small number of 840 patients. 
Second, we found significant heterogeneity among stud-
ies. This was confirmed not only through the  I2 values 
but also through the 95% confidence interval [57]. We 
attempted to account for this heterogeneity by utilizing 
a random effects model and performing subgroup ana-
lyzes according to dosing method and follow-up period. 
However, heterogeneity remained high even after sub-
group analysis was performed, suggesting additional 

sources of heterogeneity. In previous studies examining 
the different effects of probiotics reported that higher 
doses (≥  1010  CFU), longer duration [58], and various 
strains of probiotics [59] were more effective. We there-
fore attribute the considerable heterogeneity of our study 
to the diversity of study protocols, such as probiotic 
strains, dosage and duration of intervention, and method 
of administration. These differences should be consid-
ered while interpreting the results. Third, the interven-
tion durations of the included studies (ranging from 4 to 
12 weeks) were short and insufficient to understand the 
long-term effects of probiotics. Fourth, some of the stud-
ies included in the meta-analysis may have been from the 
same center, which could have led to data overlap.

Conclusions
Our study shows high-quality evidence that probiot-
ics improve motor function, non-motor symptoms, 
and reduce depression in PD patients. Probiotic 

Fig. 9 An overview of gut dysbiosis and the effects of probiotics in Parkinson’s disease. “Gut dysbiosis” decreases the levels of short-chain fatty acids 
(SCFAs) and increases the levels of lipopolysaccharides (LPS). In addition, it impairs intestinal epithelial barrier integrity (“leaky gut”) and triggers an 
inflammatory response, leading to the crossing of metabolites, chemokines, and cytokines through the intestinal wall into the bloodstream as well 
as through the blood–brain barrier. This inflammatory pathway also triggers misfolding of α-synuclein into enteric glial cells via the vagus nerve 
and into the brain. Probiotics alter the composition of microorganisms to increase SCFA levels, decrease LPS levels to reduce inflammation, and 
strengthen the intestinal barrier to prevent microbial migration. This figure was created using Medical Illustration & Design
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supplementation may be an affordable and safe adju-
vant treatment option for PD management. To establish 
more trustworthy evidence on the potential benefits 
of probiotics for PD, it is necessary to conduct larger 
randomized controlled trials and long-term follow-up 
studies. The studies should be subdivided based on fac-
tors such as the severity of the disease, type and dosage 
of probiotics, duration of intervention, and they should 
include assessments of motor and cognitive function as 
well as other predictors of disease.
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