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Abstract

Background: Conventional treatments are related with several difficulties, including dyskinesia, excessive
daytime sleepiness, sudden sleep attacks, leg swelling, and discoloration. Therefore, we examine the efficacy of
the probiotics in the management of Parkinson’s disease (PD).

Methodology: A widespread literature search was accomplished on PubMed, Google Scholar, Wiley as well as
Nature of Science databases, covering the period since 2013 to 2023.

Result: A Total 13 studies were comprised in this study. This study shows high quality indication of development
in undefined PD rating scale (UPDRS) (Standardize mean difference -1.00 [95% CI -4.07 to 2.07], NMSQ score
-4.94 [95% CI -6.95 to -2.92],Quality of life QOL-45.95 [95% CI -52.05 to -39.86],Depression scale -4.57 [95%
Cl -8.40 to -0.74] as well as Bowel movement (BM)0.40 [95% CI -0.51 to 1.31].However there is significance
found in the Bristol stool score in the placebo group.

Conclusion: Based on the study findings, it can be inferred that probiotics have a beneficial impact on non-motor
symptoms, motor function, bowel movement as well as the reduction of depression in individuals with PD. The
integration of probiotic supplementation into PD management has the potential to be a cheap and secure
complementary treatment option.
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Introduction

Parkinson's disease (PD) is a neurodegenerative disorder illustrate by the regular degeneration of dopamine-
producing neurons in the brain along with the buildup of alpha-synuclein protein [1]. While motor signs like
tremors, rigidity as well as bradykinesia are the main diagnostic criteria for PD, non-motor indications can
manifest years before the onset of motor symptoms. These non-motor signs, which encompass cognitive decline
as well as autonomic dysfunction, can progressively worsen as the illness advances [2, 3].

The prevalence of PD ranges from 5 to over 35 new patients per 100,000 cases each year [4]. The risk of
developing PD considerably rises within the age range of 60 to 90. Furthermore, the prevalence of PD also
increases with age, affecting almost 4% of men as well as2% of women aged 85 and older [5]. Although the initial
mortality rate in PD is not greater, it progressively rises over time [6]. With the aging worldwide populace, the
incidence of PD is projected to twice in the coming two deanery [7]. This anticipated increase in prevalence will
result in a significant societal and economic burden, unless there are advancements in developing more effective
treatments or preventive measures for PD [8].

Multiple research findings have suggested that the inflammatory pathway as well as oxidative stress, which are
characterized by an imbalance between beneficial and harmful functions, is involved in the underlying causes of
PD [9-11]. The pathology of PD typically starts in the substantia nigra but can disturb the enteric nervous system,
emphasizing the connection between the Central Nervous System (CNS) as well as gut [12-14].Patients with PD
often experience common motor symptoms, containing postural instability, postural instability, tremor and
bradykinesia., along with non-motor indication like depression, gastrointestinal dysfunction, pain and reduced
sense of smell, which may evident previous to the inception of motor symptoms [15-17].
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Changes in the intestine have a significant effect on the gut-brain axis, which includes the bidirectional system of
statement across the CNS as well as the nervous system of the gut. Dietary variables can affect the composition
of the gut microbiota, which in rotate affects this axis. [14,18]. In PD patients, there is an disparity in the gut
microbiota, categorized by pro-inflammatory bacteria, which leads to increased gut permeability or "leaky gut.”
This allows inflammatory mediators and bacteria to cross the gut barrier in addition to enter the bloodstream [19].
Additionally, the loss of dopaminergic neurons in the gut contributes to higher levels of pro-inflammatory
cytokines [20]. PD cases exhibit a distinct gut microbiota composition contrast to healthy patients, with condensed
intensity of prevotellaceae as well as an abundance of Enterobacteriaceae [14, 21]. These microbial imbalances
are more pronounced in individuals with severe PD [22].

The secretion of cytokines by probiotic formulations may reduce inflammation [23], and a decrease in ROS could
reduce oxidative stress [24].Gram-positive bacteria-based probiotics, comprising eight strains, have demonstrated
the ability to regulate the appearance of genes associated to inflammation and neuronal plasticity in brain tissue.
Probiatics are living microorganisms that offer health advantages when consumed in adequate quantities. They
exhibit potential neuro protective effects, as well as anticancer, antioxidative and anti-inflammatory properties
[25]. Research has indicated that probiotics can enhance in cooperation motor plus non-motor signs in individuals
as well as animal models of PD. These beneficial results are attained over diverse contrivances, such as the control
of inflammatory processes, apoptosis, as well as oxidative stress [26].Considering the probable benefits of
probiotics in improving effectiveness as well as QOL for individuals including neurodegenerative conditions,
there is a pressing requirement for an up-to-date systematic review or meta-analysis. Such a comprehensive
analysis would serve as a reference for all the relevant studies and clinical trials conducted within the last decade,
providing valuable insights and guiding future research directions. The purpose of this evaluation is to assess the
efficiency of probiotics in the management of PD.

Methodology:

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guideline was
adhered to when doing the review and meta-analysis assessment.

Search strategy:

We search multiple electronic databases “PubMed, Scopus, Wiley, Google scholar, nature of science, Medline”
from 2013 to 2023.Further articles were acquired by conducting citation searches within the list of comprised
study as well as assessment articles. The search approach employed in this study was as follows: “Probiotics”,

"n o <e

“Parkinson’s disease”, “management”, “neuro generative disease" ,“symbiotic”. In addition, relevant studies were
identified by reviewing the references of eligible articles. The selection of studies for this meta-analysis took both
the inclusion as well as exclusion standards under careful consideration.

Inclusion criteria:
1. Randomized control trial.
2. Explored in this study is the use of probiotics in the administration in PD cases.

3. The scores of PD-related scales, namely the “Parkinson's Disease Questionnaire (PDQ-39), Non-Motor
Symptoms Questionnaire (NMSQ), and Unified Parkinson's Disease Rating Scale (UPDRS)”, were
assessed in this study.

4. Full text studies.

5. Studies available in English.

Exclusion criteria:
1. Non-human study.

2. Incomplete data.
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3. Reviews.
4, Cohort studies.
Data analysis:

Cohen's kappa statistic was utilized to assess agreement level among the two reviewers concerning the insertion
of studies. In the present research, we conducted statistical calibration of the effect sizes related to the impact of
probiotics on PD. Initially, the mean as well as standard deviation (SD) values of changes-from-baseline were
computed for both the treatment and control groups. In cases where data were insufficient, the mean as well as
SD values of the changes-from-baseline were estimated following the Cochrane Handbook (version 6.3). Separate
meta-analyses were performed for trials examining different effects of probiotics, and the effect sizes were
represented as standard mean differences (SMD) using a random effects model. Additionally, 95% confidence
intervals (CI) were measured for each literature as well as outcome measure to compare the treatment and control
groups. All statistical tests conducted in this study were two-sided, as well as a significance level of P<0.05 was
deemed as significant. The examination was performed using RevMan software version 5.4.

Table 1: "PRISMA" flow chart for meta-analysis, which involves searching databases as well as registers
only.

recognition of researches via registers Databases as well as record

Database searches were used fo More records found using reference

find records (n=312) search (n=13)

Identification

After removing duplicate records, a total of 121 entries were eliminated from the dataset.

| )

Records screened Records eeliminited
B Incomplete studies: 41
(n=186) Irrelevant studies with our topic:
37

Screening
-—

Some studies excluded with the
A total of 08 full-text articles

were evaluated for eligibility. ——» | EAs0NS

Animaltrials:67
Reviews/ cohort studies: 18

13 studies have been
ncorporated in the
comprehensive evaluation.

Included

Result

The systematic review initially identified 312 articles through a search. An additional 5 articles were found from
cross-references, resulting in a total of 317 articles. Duplicate publications 121 were removed, leaving 196 studies
for screening. After a detailed screening process, 98 articles were excluded due to irrelevant 57 studies and 41
incomplete studies to the present analysis. Following the inclusion criteria, 98text
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articles were evaluated for the present study. Full-text articles were subsequently removed due to reasons such as
non-human studies and reviews/ cohort studies. Finally, overall of 13researches met the conditions as well as were
comprised in this meta-analysis. The selected articles spanned from 2013 to 2023 (Table 1).

Quality valuation of incorporated researches:

The present study, we employ RevMan software version 5.4 to measure the risk of bias in included studies. The
evaluation involved assessing individual studies across multiple domains and criteria, including selection bias
(random sequence generation), performance bias (blinding of cases as well as personnel), attrition bias
(incomplete result information), selective exposure (reporting bias), as well as additional biases. Every research
was assigned one of three levels of bias risk: low, unclear, as well as high. The total risk calculation for all the
involved researches was presented in Figure 5, where risks were categorized as “low risk (+)”, “high risk (-)”, or
else “unclear risk (?)”.

According to our research, every study had severe methodological shortcomings in at least one bias domain. The
most difficult areas to address were those involving randomization, outcome assessor blinding, as well as
ambiguous risk. Particularly, a substantial risk of bias was shown by the fact that 67.95% of the trials had
inadequate or no randomization. Additionally, 1.28% of the studies had low outcome assessor blinding, which
pointed to a high potential of bias. Additionally, in 30.77% of the assays, it was discovered that the risk of bias
was uncertain. These results draw attention to significant methodological flaws in the included studies that could
compromise the accuracy and dependability of their conclusions. When assessing the overall results of this review,
it is imperative to take these potential limitations into account.

Random sequence generation (selection bias) [ IIEGEGIGINGNGEGEEGEEEEEEEEEEEEEEEE

Allocation concealment (selection bias) [IINEGEGEEEEE

Blinding (performance bias and detection bias): Self-reported outcomes [IINEGEGEGEG =
Incomplete outcome data (attrition bias): All outcomes | NENGNTNGNGEGEGEGEE

Selective reporting (reporting bias) NG

Qu-goetl 00 | ]

0%  25% 50% 75% 100%

[:. Low risk of bias [[] Unclear risk of bias B High risk of bias |

Figure 1: Review authors' percentage assessments of every product's risk of bias across the body of
retrieved literature are shown in the Risk of Bias Plot.
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Barichella M, et al. (2016)
BorzabadiS, et al. (2018)
DuY, et al. (2022)
Georgescu D, et al. (2016)
Ibrahim A, et al. (2020)

Lu CS et al. (2021)
Magistrelli, L et al. (2019)
Meharabani S, 2023
Michela B, et al. (2015)
Sun et al. (2022)

Tamtaji OR et al. (2019)
Tan AH et al. (2021)
Yang XD et al. (2022)

. = .‘ ~ ‘ W . W ‘ Blinding {performance bias and detection bias): Self-reported outcomes

~ ‘ ~ ‘ ‘ "~ . . . ‘ . ~ . Incomplete outcome data (attrition bias): All outcomes

‘ . ~ ’ ‘ ‘ W[ ‘ ~ . ‘ ‘ Allocation concealment (selection bias)
PDOD > PDO® - OO ®® ®| sciectve reporting (reporting bias)
@ oo~ (@~ DS > @@ otherbias

. ‘ ‘ ‘ ‘ . . . . ‘ ‘ . . Random sequence generation (selection bias)

Figure 2: Risk of Bias plot: Review the evaluation regarding every study's incorporated risk of bias made
by the authors.

Table 2: Features of the involved literatures in the Meta-Analysis
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Refer
ences Research Mean age of Control Occurrence as
of g Overall cases probiotics . Effects
auth strategy cases group well as time
or
Experimental
Randomized gro_up:80 Pasteurized, | Fermented milk Probiotics  increased
271 | double blind | NS patients fermented containing multiple | every day for | frequency of full bowel
clinical trial Control fiber-free probiotic  strains and | four weeks. movement more than a
group= 40 | milk prebiotic fiber placebo.
patients
The findings of the
study indicate that
Experimental Experimental Pasteurized Fermented milk probiotics
Randomized | group=71.8 group=80 fermented’ containing multiple Once dav for demonstrated superior
[28] double blind cases placebo fiber-free probiotic strains as well as fourweeky efficacy compared to
clinical trial placebo group=40 milk prebiotic fibers was used the placebo in
group=69.5 cases in the experimental group. enhancing constipation
symptoms in cases
with PD.
The study results
suggest that
trimebutine was more
Experimental in effect in addressing
Experimental | group=20 Trimebutine constipation with
Randomized | group=75.6 cases 200 m Capsule 60 mg every day for | unfinished evacuation.
[29] | control g Lactobacillus acidophilus | 12 weeks, two | On the other hand,
clinical trial placebo Placebo 3 times for | Bifidobacterium Infantis | times probiotics showed
group=69.8 group= 20 | every day comparable
cases effectiveness to
trimebutine in reducing
stomach  pain and
bloating.
Considerably
upgraded gene
manifestation stages of
IL-1, IL-8, TNF-g,
TGF-B as well as
Experimental Capsule 8x109 CFU PPAR-y were observed
) Experimental | group=25 lactobacillus acidophilus ) in the probiotics
Randomized | gy0up=66.7 patients Placebo Bifidobacterium bifidum | Oné time per groups.  Conversely
[30] | double blind L. reuteri day for twelve ' Lo
clinical trial Control Control capsule weeks. the gene expression of
group=66.9 group= 25 Lactobacillus fermentum VEGF as well as
cases (2x109) LDLR, as well as the
number of
inflammation and
oxidative stress
biomarkers, remained
unpretentious.
" i Experimental Placebo Placebo copeole B 1107 70 One time._ for The_ i intake o
[31] | randomized, P _ group=30 | Lactobacillus acidophilus | each day for | Probiotics by cases
double-blind, | 9roup=68.2 cases Capsule B S twelve weeks | With PD demonstrated
placebo- Bifidobacterium bifidum advantageous
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controlled Control Experimental Lactobacillus reuteri consequence on the
trial roup=67.7 roup= 30 . MDS-UPDRS as well
! group group Lactobacillus fermentum . W.
cases as certain metabolic
(2 x 109 CFU each) profiles.
In vitro studies have
indicated that probiotic
use can lead to
decreased intensities of
Lactobacillus salivarius, pro-inflammatory
Placebo Lactobacillus  plantarum cytokines,  oxidative
Cross Probiotic group=40patie ,Lactobacillus stress, as well as
[32] sectional group=70 nts ) acidophilus, Lactobacillus | | o hypothetically address
longitudinal placebo Probiotic rhamnosus pathogenic  bacterial
study group=70 group= ,Bifidobacteriumanimalis overgrowth. On the
40cases subsp. Lactis, other hand, to establish
Bifidobacteriumbreve the  efficiency  of
bacteriotherapy in PD ,
supporting  evidence
from longitudinal in
vivo studies is required
Experimental capsule 3 x 1010 CFU PD cases with
Experimental | 9roup=22 Lactobacillus sp. Bifidob probiotics  showed
s | g | TOP0 [P g | st
L . | ilk i i -
clinical trial | €ontrol Crc;r:rcize m fructo-oligosaccharides | yeeks incidence as well as
group=70.5 group= lactose entire  gut transit
Patients. period.
Capsule
109 CFU Lactobacillus
Acidophilus
Experimental Lactobacillus reuteri
. Experimental | group=34 Lactobacillus gasseri _ PD  patients who
Randomized | group=70.9 patients Placebo One time every | . eived probiotics
[34] double blind Lactobacillus rhamnosus | day for four . .
clinical trials | Control Control capsules weeks experienced relief from
group=68.6 group= 38 Bifidobacterium bifidum constipation.
patients. Bifidobacteriumlongum
Enterococcus faecalis
Enterococcus faecium
Capsule Significant
| Experimenta 5% 109 CFU Ballu Impravements  were
Experimental | group= licheniformis _ observe! owe
Randomized | 9roup=68.39 23cases 3 times each | movements, as well as
[35] clinical trial Nobody 1 x107 CFU day for four | in the PAC-QOL as
placebo Placebo Lactobacillus acidophil weeks. well as PAC-SYM
group=66.65 | group= 23 actobactlius aciaophilus, scores, among
cases Bifidobacteriumlongum, participants  in  the
Enterococcus faecalis probiotic group..
open-label, Probiotic Probiotic After twelve weeks of
[36] | single-arm, group=61.84 group=34 Levodopa PS128 supplementation Twelve weeks | pgqog
baseline- cases supplementation in
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controlled placebo placebo combination with
trial. group=61.84 group= 38 regular anti-
cases. parkinsonian
management, there
were notable
improvements in both
the UPDRS motor
score and the QOL
among cases with PD.
The consumption of
Experimental ioti i
probiotics resulted in
Randomized Experimental | group=48 Capsule 3 x 1010 CFU oret development in_ sleep
ancomize group=66.46 | patients .| Bifidobacteriumanimalis ne ime every quality, alleviation of
[37] double blind Maltodextrin subsp. lactis day for twelve anxiety  signs, and
clinical trial | Control Control P weeks : gns,
group=68.76 group= 34 relief from
patients gastrointestinal
distress.
Experimental The administration of
group=63 ioti
Randomized cases . One time for problo_tlcs could
. Placebo Fermented milk potentially be
[38] | double blind | NS every day for T .
. . lacebo capsule ' beneficial in dealing
clinical trial p Encompassing twelve week non-motor _indications
group= 59 109 CFU Lactobacillus of PD
cases casei strain '
In contrast to the
control  group, the
Powder in sachets group getting
probiotics
Experimental 5x109 CFU demonstrated  lower
Experimental | group= 40 . . . level f MDA
Randomized | group=68.2 cases Lactobacillus acidophilus | one time for | ¢ &°  °
; group=6o. . (malondialdehyde),
[39] d(?uple k?llnd Maltodextrin | | actobacillus rhamnosus | €ach day for decreased oS
clinical trial | Placebo Placebo bacill | twelve weeks L :
group=69.1 group= 40 Lactobacillus  plantarum (oxidative stress index)
cases Bifidobacteriumlongum beliefs, reduced
Streptococcus thermophil depression levels,
us improved well-being,
as well as superior

cognitive capacities.

Reactions of probiotics on PD level grade:

In four studies [27, 28, 31, 33], UPDRS Part I1l motor scores were included as an outcome measure. Significant
improvements were observed in the probiotic groups, with a mean modification of -1.00 [95% CI -4.07 to 2.07]
and a p-value of 0.33 at the baseline of the studies. After 8 weeks, two studies [31, 33] presented a mean difference
of -2.07 [95% CI -3.99 to -0.14]. Overall, the mean difference in UPDRS score across all studies was -1.75 [95%
Cl -3.34 to -0.16]. Please refer to Figure 1 for graphical representation. The quality of evidence for UPDRS Part
I11 was rated as high using the GRADE method (Table-2)

Two studies [33, 38] included in the analysis stated Non-Motor Symptoms Questionnaire (NMSQ) scores. The
investigation demonstrated a significant decrease in NMSQ scores among the probiotic groups, with a mean
alteration of -4.94 [95% CI -6.95 to -2.92]. The overall effect size also indicated a statistically significant reduction

(p = 0.0007). The quality of indication at NMSQ was rated as high using the GRADE system (Table-2)
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QOL outcomes were assessed in five studies, comprising six comparisons. Significant improvements were
observed in the probiotic groups, with a mean differentiation of -45.95 [95% CI -52.05 to -39.86]. Among the
studies that conducted an eight-week follow-up, only one study [33] reported significant developments in the
probiotic groups, with a mean variance of 0.06 [95% CI -14.02 to 14.14]. Additionally, four studies [35-38] pursue
following 12 weeks displayed considerable expansions in the probiotic groups, with a mean alteration of -22.78
[95% CI -28.06 to -17.50]. Please refer to the corresponding figure for graphical representation. The feature of
indication for QOL outcomes was assessed as adequate using the GRADE system, primarily due to some
inconsistency among the included studies (Table-2)

Bowel movement (BM) outcomes were reported in four studies [27, 28, 33, 35], comprising six comparisons.
Significant improvements were observed in the placebo groups, with a mean variance of 0.40 [95% CI -0.51 to
1.31]. Among the studies that conducted an eight-week follow-up, two studies [27, 33] reported significant
improvements in the placebo groups, with a mean difference of 1.19 [95% CI 0.76 to 1.63]. The quality of
evidence for bowel movement (BM) outcomes was originate to be significant.

Depression scale outcomes were assessed in two studies [37, 38], encompassing three comparisons. The probiotic
groups exhibited significant improvements, within a mean difference of -4.57 [95% CI -8.40 to -0.74]. In the
subset of studies that conducted an eight-week follow-up, two studies reported significant developments in the
probiotic groups, with a mean variation of 1.19 [95% CI -2.16 to -0.94]. The value of indication for the depression
scale outcomes was deemed significant with a p-value of 0.0009.

Two studies, encompassing three comparisons, examined the impact of probiotics on the Bristol stool scale. The
results indicated significant improvements in the placebo groups, with a mean alteration of 0.41 (95% CI 0.04 to
0.79). Only one study that included an eight-week follow-up reported significant improvements in the probiotic
groups, within a mean variance of 0.80 (95% CI 0.18 to 1.42). Overall, the analysis demonstrated a statistically
significant variance in the Bristol stool scale outcomes, with a p-value of 0.002.

Probiotic Placebo Mean difference Mean difference
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 85% CI IV, Random, 85% CI
1.1.1 UPDRS (base line)
Barichella M, et al. (2016) 271 145 80 28.2 14 40 8.7% -1.10 [-6.458 |, 4.28] —f—
Ibranim A_ et al. (2020) 16 825 22 18 6.37 26 14.1% -2.00[-623, 223] —
Michela B, et al. (2015) 271 14.5 80 28.1 14.2 40 8.6% -1.00 [-6.43 | 4.43] ——
Tamtaji OR et al. (2019) 76.2 372 30 60 37.5 30 0.7% 16.20[-2.70, 35.10] "
Subtotal (95% Cl) 212 136  32.1%  -1.00 [-4.07 , 2.07] ’

Heterogeneity: Tau® = 1.22; Chi*=3.39, df =3 (P =0.33); = 12%
Test for overall effect: Z = 0.64 (P = 0.52)

1.1.2 8 weeks

Ibrahim A, et al. (2020) 15 25 22 17 425 26 67.1% -2.00[-3.94 ,-0.08] =

Tamtaji OR et al. (2019) 63.8 354 30 71.5 35.3 30 0.8% -7.70[-25.59 . 10.19] -_
Subtotal (95% Cl) 52 §6 67.9% -2.07 [-3.99,-0.14] .
Heterogeneity: Tau? = 0.00; Chi#=0.39, df =1 (P =0.53), 2= 0%

Test for overall effect: Z=210 (P =0.04)

Total (95% CI) 264 192 100.0% -1.75[-3.34, -0.16]

Heterogeneity: Tau? = 0.00; Chi*=4.10, df =5 (P = 0.54). 1= 0% ’l

Test for overall effect: Z=2.16 (P = 0.03) 20 10 0 10 20
Test for subgroup differences: Chi* = 0.33, df=1 (P =0.56), 1= 0% Probiotics Placebo

Figure 1: The reaction of probiotics on UPDRS in PD.
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Probiotics Placebo Mean difference Mean difference
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 85% CI
1.4.14 weeks
Ibrahim A, et al. (2020) 66 11.25 22 7 1355 26 253% -2.00[-10.02, 4.02] —at=
Yang XD et al. (2022) -6.33 593 63 122 593 59 487%  -5.11[-7.22,-3.00] ]
Subtotal (95% CI) 85 85 T74.0% -4.94[-6.95,-2.92] ’
Heterogeneity: Tau® = 0.00; Chi*=0.32, df=1(P=0.57); I*=0%
Test for overall effect: Z = 4.80 (P < 0.00001)
1.4.2 8 weeks
Ibrahim A, et al. (2020) 50 9862 22 63 1437 26 26.0% -13.00[-19.83,-6.17] —
Subtotal (95% CI) 22 26 26.0% -13.00[-19.83,-6.17] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 3.73 (P = 0.0002)
Total (95% CI) 107 111 100.0% -6.63 [-11.48,-1.77] ‘
Heterogeneity: Tau® = 11.43; Chi*= 524, df =2 (P=0.07); I’ =62%
Test for overall effect: Z = 2.68 (P = 0.007) e
Test for subgroup differences: Chi*=4.92 df=1 (P =0.03), F=79.7% Probiotic Placebo

Figure 2: The properties of probiotics on Non motor sign in PD.

Test for subgroup differences: Chi* = 50.98, df = 2 (P < 0.00001), I* = 96.1%

]

Favours [experimental]

Probiotic Placebo Mean difference Mean difference
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.3.1 4 weeks
Sun et al. (2022) 72 1652 45 125 19.2 34 232% -53.00[450.97 .-45.03] —-—
Tan AH et al. (2021) 78 195 34 112 1.5 38  16.4% -36.00[-45.47 ,-26.53] —
Subtotal (95% ClI) 82 72 39.7% -45.95[-52.05,-39.86] &
Heterogeneity: Chi* = 7.25, df =1 (P = 0.007); I* = 86%
Test for overall effect: Z=14.77 (P < 0.00001)
1.3.2 8 weeks
Ibrahim A, et al. (2020) 73 252 22 7294 243 26 T74% 0.06 [-14.02 , 14.14] —_—
Subtotal (95% ClI) 22 26 7.4%  0.06[-14.02, 14.14] <4
Heterogeneity: Not applicable
Test for overall effect: Z = 0.01 (P = 0.99)
1.3.3 12 weeks
DuY, etal (2022) 1065 1653 23 157 1282 23 202% -0.92[-9.47 , 7.63] -
Sun et al. (2022) 73 235 438 120 261 34 12.2% -45.00[-56.01,-33.99] —_—
Yang XD et al. (2022) 61.2 225 63 923 251 59 20.5% -31.10[-39.58 . -22.62] —
Subtotal (95% Cl) 134 116 52.9% -22.78 [-28.06 , -17.50] ¢4
Heterogeneity: Chi® = 44.47, df =2 (P < 0.00001); I* = 96%
Test for overall effect: Z = §.45 (P < 0.00001)
Total (95% CI) 238 214 100.0% -30.28 [-34.12, -26.43] ¢
Heterogeneity: Chi® = 102.69, df = 5 (P < 0.00001); I* = 95%
Test for overall effect: Z = 15 45 (P < 0.00001) 20 25 0 25 a0

Favours [control]

Figure 3: The reaction of probiotics on QOL in PD.
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Probiotics Placebo Mean difference Mean difference
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 5% CI IV, Random, 85% CI
2.1.1 Bowel movement
Barichella M, et al. (2016) 4.4 1.7 80 46 1.8 40 161% -0.20[-0.87.047] —a
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2.1.2 8 weeks
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Favours [experimental]

Figure 4: The product of probiotics on Bowel movement (BM) in PD.

Favours [control]

Test for subgroup differences: Chi* =2.33, df =1 (P =0.13), F=37.0%

Favours [experimental]
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Figure 5: The outcomes of probiotics on Depression scale in PD.
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Heterogeneity: Chi* = 8.08, df =1 (P =0.004); I*= 88%
Test for overall effect: Z=2.15 (P =0.03)
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Figure 6: The result of probiotics on Bristol stool score in PD.
Discussion

This investigation carried out a thorough in-depth analysis of randomized controlled test that examined impacts
of probiotics on cases with PD. The results provide strong evidence supporting the significant development of
motor and non-motor PD indications, QOL, bowel movement, UPDRS scores, Bristol stool score as well as
depression, through the use of probiotics. Furthermore, the study indicates a moderate level of evidence suggesting
that probiotics have a positive impact on gastrointestinal motility and anxiety reduction. Therefore, probiotics
demonstrate promising potential as a treatment option for various aspects of PD.

Probiotics have the probable to modulate composition of the microbiota in PD, thereby refining gastrointestinal
(GI) function as well as decreasing neuro-inflammation, bacterial translocation, as well as intestinal permeability.
Levodopa absorption can be improved by improving Gl function with the help of probiotic supplements, which
also improve intestinal defence as well as functionality. This improvement in levodopa absorption may help to
lessen the cognitive as well as behavioral disorders that are frequently seen in PD, like memory issues, depression,
as well as anxiety [40]. Current investigate has stated that probiotic supplementation in PD patients has many
advantages, especially when used for managing constipation as well as related symptoms [34].

Constipations

According to, Barichella et al. revealed that fermented milk encompassing probiotic strains showed improvements
in constipation between cases with PD [28]. Furthermore, another study found that the management of a multi-
strain probiotic (Hexbio®) for 8 weeks resulted in improved whole gut transit period as well as improved
incidence of bowel actions in PD cases with constivenes [41]. Additionally, research conducted by [32] revealed
that probiotic strains increased the stages of anti-inflammatory cytokines while reducing inflammation and
oxidative stress in PD [32]. Furthermore, additional studies indicated that dealing with probiatics (specifically
Bifidobacteriuminfantisas well as Lactobacillus acidophilus) may alleviate abdominal discomfort as well as
bloating to a similar extent as trimebutine, while showing somewhat less improvement in constipation symptoms
[29].

Cognitive complications:

As mentioned by, Mehrabani et al. in 2023 [39], it was demonstrated that compared to the control group, the
group getting probiotics manifest decrease intensity of MDA (malondialdehyde), lower OSI (oxidative stress
index) standards, reduced depression intensity, in addition to improved comfort as well as cognitive facilities. The
probiotic strains used in the study included Bifidobacteriumlongum, Lactobacillus acidophilus, Streptococcus
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thermophiles, Lactobacillus plantarum as well as Lactobacillus rhamnosus, administered once daily in sachets
with a dosage of 5 x 109 CFU (colony-forming units) for a duration of 4 weeks.

Bowel complications

In a study done by Du et al. in 2022 [35], significant improvements were observed in bowel movements as well
as in the PAC-QOL (Patient Assessment of Constipation Quality of Life) and PAC-SYM (Patient Assessment of
Constipation-Symptoms) scores among participants in the probiotic group. The study employed capsules
containing a combination of Bacillus licheniformis (5 x 109 CFU), Lactobacillus acidophilus (1 x 107 CFU),
Bifidobacteriumlongum, and Enterococcus faecalis, which were administered three intervals daily for a duration
of 4 weeks in the dealing of PD.

Movement illnesses

Supplementation with antioxidant as well as anti-inflammatory substances has opened up new perspectives for
the treatment of neurological diseases, including the use of probiotic bacteria. A earlier researches demonstrated
that probiotic supplementation comprising Lactobacillus fermentum, Lactobacillus reuteri, Bifidobacteriumlactis,
Lactobacillus casei, Bifidobacteriuminfantis as well as Lactobacillus plantarum resulted in reduced stages of
inflammatory markers (hs-CRP as well as IL-6) in addition to enlarged levels of the anti-inflammatory marker
(IL-10) in cases with multiple sclerosis. Furthermore, the intake of probiotics was related with condensed amount
of MDA (malondialdehyde), 8-OHdG, as well as insulin confrontation [31]. Tamtaji et al. [31] demonstrated that
a 12-week probiotic intervention among cases with PD had expensive effects on the MDS-UPDRS as well as
certain metabolic profiles.

Neuron abnormal functioning

Research has demonstrated that the efficacy of probiotic formulations in various aspects of PD. The probiotic
constructionSLAB51 has been revealed enhance Tyrosine hydroxylase (TH) immune reactivity as well as rescue
dopaminergic neurons in individually the striatum as well as substantianigra [42]. Furthermore, this probiotic
preparation inverted the lessening in dopaminergic transporter intensities along with increased PSD95 expression
in trial PD models [42]. In a different study, Alipour Nosrani et al. [43] discovered that a probiotic blend
comprising the bacteria Lactobacillus acidophilus, Lactobacillus reuteri, Bifidobacteriumbifidum, as well as
Lactobacillus fermentum condensed neuronal degeneration in the substantianigra in an animal model of PD
conduct on by 6-OHDA[43]. In PD mice treated with probiotics, TH-positive cells were preserved in the
substantianigra [32]. Moreover, A PD animal model has shown that injection of Streptococcus thermophilus CRL
808, Lactobacillus plantarum CRL 2130, along with Streptococcus thermophilus CRL 807 increases the total
number of TH-positive cells in the brain[44]. As study done by Srivastav et al. [45] demonstrated the neuro
protective efficacy of probiotics in preventing the degeneration of dopaminergic neurons. The positive impact
observed with probiotics is associated with up regulation of neurotrophic factors as well as the inhibition of MAO-
B. This outcomes show that the probiotics have talent for diverse clinical implementation in managing PD, mainly
in mitigatin neurodegenerative results on the dopaminergic neurons. However, it should be noted that the probiotic
strain Clostridium butyricum has been shown to exacerbate synaptic deteriorated as well as the harm of
dopaminergic neurons in a PD model persuaded by MPTP [46]. On the other hand, in a lipopolysaccharide-
induced Parkinson's disease murine model, VSL#3 supplementation was ineffective in deflecting the reduction in
the number of dopamine neurons in the substantianigra [47]. In Parkinson disease mice, a significant decrease in
postsynaptic density protein-95 (PSD-95) as well as synaptophysin mMRNA expression levels was observed in the
hippocampus, accompanied by an increase in neuropsin mMRNA as well as protein appearance levels. Additionally,
there was a decline in CAL apical spine concentration in PD mice. Nevertheless, administration of B. breve Al to
PD mice rehabilitee CA1 spine thickness to regulates intensities, reversing all these consequence. This outcome
suggests that the irregular modifications in hippocampal synaptic plasticity, associated with higher induction of
neuropsin, can be hindered by B. breve Al administration. Treatment with B. breve Al enabled suppression of
fear in PD mice along with corrected the impaired hippocampus synaptic plasticity[48]. According to, Xie and
Prasad, the effects of Lacticaseibacillusrhamnosus HA-114 probiotics were determined to be insignificant. And
it’s shows anxiety-like activities but rather worsened cognitive shortages in an animal model of 6-OHDA-induced
PD [47]. On the other hand, it has been demonstrated that oral management of B. breve
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Al reinstate appropriate fear destruction in a murine model of PD [48]. Probiotic enhancement, which includes
Bifidobacteriumbifidum, Lactobacillus acidophilus, Lactobacillus fermentumas well as Lactobacillus reuteri, has
been suggested to develop certain indications in cases with PD [31]. Hence, we planned to evaluate effectiveness
of probiotics with the conventional methods for managing PD. This study conducted a numerical calculation of
randomized controlled test to assess the outcomes of probiotics in PD management. The majority of the researches
comprised in this meta-analysis demonstrated efficiency of probiotics in managing PD.

Limitations

1. The meta-analysis involved employing assessable arithmetical procedures to assess the extensive
consequence of the probiatics in individuals by PD in order to provide a comprehensive analysis.

2. The present meta-analysis exclusively focused on studies conducted on human subjects, ensuring that
the analysis is specific to the results of probiotics in PD cases.

Conclusion

Based on the outcomes of present meta-analysis provide strong and reliable evidence supporting the positive
influence of probiotics on non-motor signs, motor function, bowel movement as well as the alleviation of
depression in individuals diagnosed with PD. Incorporating probiotic supplementation into the management of
PD could probably serve as a cost-effective and safe balancing treatment.
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