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Abstract

Background: Constipation is a common non-motor
symptom (NMS) in Parkinson'’s disease (PD), affecting
up to 70% of patients and reducing quality of life
(QOL). Probiotics may improve bowel function via gut
microbiota modulation and gut-brain axis regulation.
This randomized, double-blind, placebo-controlled
trial evaluated the efficacy of six-week multi-strain
probiotic supplementation on constipation in Iranian
patients with PD.

Methods: Seventy-two patients with PD (aged 50-8o
years, functional constipation per Rome IV criteria) were
randomized 1:1 to probiotics or placebo. The probiotic
capsule contained Lactobacillus acidophilus (L.
acidophilus), Lactobacillus casei (L. casei), Lactobacillus

rhamnosus (L. rhamnosus), Bifidobacterium lactis
(B. lactis), Bifidobacterium longum (B. longum), and
Bifidobacterium breve (B. breve) [1 x 10° colony-forming
unit (CFU) each, total 12 x 10° CFU/day]. Dietary intake
and physical activity were assessed and included as
covariates in analysis of covariance (ANCOVA) models.
Primary outcome was weekly spontaneous bowel
movements (SBMs); secondary outcomes included
Patient Assessment of Constipation-Quality of Life
(PAC-QOL) and Unified Parkinson's Disease Rating
Scale (UPDRS) Part Ill. Baseline demographic, clinical,
dietary, and physical activity characteristics were
comparable between groups.
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Effect of probiotics on constipation

Results: The probiotic group showed a mean
SBM increase of 3.41 versus 0.44 in placebo [between-
group difference = 2.97, 95% confidence interval
(Cl): 2.46-3.53, P < o0.001]. PAC-QOL improved
significantly (adjusted mean difference = -15.22,
95% Cl: -22.32 to -8.11, P < 0.001). No significant
changes were observed in UPDRS Part Il

Conclusion: Six-week probiotic supplementation
increased bowel movement frequency and improved
constipation-related QOL in patients with PD, with
good tolerability. Larger, multicenter trials are
warranted to confirm efficacy and explore potential
effects on systemic PD progression.

Introduction

Parkinson’s disease (PD) is a progressive
neurodegenerative  disorder affecting over
11.7 million people worldwide,! with incidence
steadily rising in both developed and developing
countries, including Iran.? Patients with PD were
identified wusing the United Kingdom (UK)
Parkinson’s Disease Society Brain Bank criteria, a
widely accepted standard for accurate clinical
diagnosis, ensuring a well-defined and
homogeneous study population.3

According to the Global Burden of Disease
(GBD) Study, the age-standardized prevalence and
incidence of PD in Iran increased by 23.1% and
33.2%, respectively, between 1999 and 2021, with
significant regional disparities.! While PD is
traditionally characterized by motor symptoms
such as tremor, bradykinesia, rigidity, and
postural instability, non-motor symptoms (NMSs)
are increasingly recognized as major contributors
to disease burden, progression, and reduced
quality of life (QOL).4

Gastrointestinal (GI) disturbances, particularly
chronic constipation, are among the most
prevalent NMSs and often precede motor
symptoms by several years, suggesting an
important role in early disease pathophysiology.>
Constipation affects over 60% of patients with PD
and is associated with reduced medication
efficacy, abdominal discomfort, and psychological
distress.> Constipation in PD is multifactorial,
involving abnormal aggregation of a-synuclein,
a neuronal protein implicated in
neurodegeneration and impaired gut motility,
along with autonomic dysfunction, reduced
physical activity, and dietary alterations.®

Additionally, intestinal dysbiosis and increased
gut permeability may exacerbate systemic
inflammation and disrupt the gut-brain axis,
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further contributing to GI and neurological
dysfunction.”

Functional constipation is commonly defined
according to the Rome IV criteria, which require at
least two of the following during the previous
three months: fewer than three spontaneous bowel
movements (SBMs) per week, excessive straining,
sensation of incomplete evacuation, or the need for
manual maneuvers to facilitate defecation.®

Gut microbiota modulation has emerged as a
promising therapeutic approach in PD.? Probiotics,
live microorganisms conferring health benefits,
may improve bowel function by restoring
microbial balance, enhancing short-chain fatty acid
(SCFA) production, reducing local and systemic
inflammation, and  modulating  gut-brain
signaling.’0 Systematic reviews and meta-analyses
indicate that probiotic supplementation increases
stool frequency and alleviates constipation in
patients with PD compared with placebo,'* though
heterogeneity in strains, doses, duration, and
outcome definitions remains a limitation.

Beyond  stool frequency, constipation
significantly =~ impairs  health-related QOL,
emphasizing the use of validated instruments such
as the Patient Assessment of Constipation-Quality
of Life (PAC-QOL) questionnaire.’?

Physical activity also affects GI motility and
should be considered as a potential confounder.
Although not PD-specific, the International
Physical Activity Questionnaire (IPAQ) provides a
standardized framework to quantify activity in
elderly or mobility impaired population.13

However, evidence from Middle Eastern
populations, where dietary habits, gut microbiota
composition, and genetic backgrounds differ from
Western cohorts, remains scarce. In particular,
randomized controlled trials (RCTs) from Iran that
concurrently evaluate GI outcomes, motor
symptoms, and lifestyle-related confounders are
limited. To address this gap, we conducted a
randomized, double-blind, placebo-controlled trial
to examine the effects of a 6-week multi-strain
probiotic supplementation on Iranian patients
with PD. The primary objective was to determine
whether probiotics increased weekly SBMs
compared to placebo. Secondary outcomes
included changes in PAC-QOL, Unified
Parkinson's Disease Rating Scale (UPDRS) Part III,
and physical activity levels. We hypothesized that
probiotic supplementation would significantly
improve constipation-related outcomes and
overall QOL in this population.
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Materials and Methods

Study design and ethics approval: This study
was a randomized, double-blind, placebo-
controlled, parallel-group clinical trial conducted
at a tertiary referral hospital in Tehran City, Iran.
Recruitment occurred from May to August 2021,
with follow-up completed in October 2021. The
trial was approved by the Institutional Ethics
Committee  (IRIAU.SRB.REC.1400.011)  and
registered prior to participant enrollment. Written
informed consent was obtained from all
participants. The trial adhered to the principles of
the Declaration of Helsinki and followed
Consolidated Standards of Reporting Trials
(CONSORT) guidelines. No changes were made to
the protocol after trial initiation.

Participants: Eligible participants were adults
aged 50-80 years diagnosed with idiopathic PD
according to the UK Parkinson’s Disease Society
Brain Bank criteria. Functional constipation was
defined based on Rome IV criteria, requiring at
least two criteria (e.g., straining, lumpy or hard
stools, sensation of incomplete evacuation)
consistently over the previous three months. Only
participants with persistent, clinically relevant
symptoms were included.

Exclusion criteria were:

e GI diseases [e.g., inflammatory bowel disease

(IBD), irritable bowel syndrome (IBS)]
¢ Antibiotic or probiotic use within 4 weeks prior

to enrollment
o Cognitive impairment interfering with

informed consent
¢ Known allergy to probiotic components
e Non-adherence (missing > 30% of doses).

Participants were instructed to maintain their
usual diet and physical activity and avoid new
supplements or traditional medicines that could
influence bowel function.

Randomization and blinding: A total of
72 participants were randomized in a 1:1 ratio to
the probiotic or placebo group using permuted
block randomization (block size = 4) generated in
R software. Allocation concealment was ensured
using sequentially numbered, opaque, sealed
envelopes (SNOSE) prepared by an independent
staff member not involved in enrollment or
outcome assessment.

Blinding was maintained for participants,
caregivers, and outcome assessors. Probiotic and
placebo capsules were identical in size, color, and
packaging. At study completion, participants and
assessors were asked to guess group allocation; the
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proportion of correct guesses did not differ from
chance, confirming successful blinding.

Intervention: The intervention group received
a multi-strain probiotic capsule containing:

e Lactobacillus acidophilus (L. acidophilus)

[1 % 10° colony-forming unit (CFU)]
¢ Lactobacillus casei (L. casei) (1 x 10° CFU)

e Lactobacillus rhamnosus (L. rhamnosus)

(1 x10° CFU)

o Bifidobacterium lactis (B. lactis) (1 x 10° CFU)
e Bifidobacterium longum (B. longum) (1 x 10°

CFU)
¢ Bifidobacterium breve (B. breve) (1 x 10° CFU).

Total daily dose was 12 x 10° CFU,
administered orally twice daily for 6 weeks.
Capsules were stored at 2°-8 °C, with
manufacturer confirmation of CFU stability
throughout the study.

The placebo group received visually identical
capsules containing starch. Adherence was
monitored via weekly phone calls and capsule
counts at follow-up visits; participants with <70%
adherence were excluded from per-protocol
analyses. Concomitant anti-parkinsonian
medications (e.g., levodopa, dopamine agonists)
were recorded throughout the study.

Outcome measures: The primary outcome of
this study was the change in weekly SBMs,
recorded using patient diaries. Secondary
outcomes included Gl-related QOL and motor
function. Gl-related QOL was assessed using the
PAC-QOL questionnaire, a validated tool with an
available Persian version,!* which evaluates
physical discomfort, psychosocial discomfort,
worries, and satisfaction related to constipation.
Motor function was evaluated using Part III of the
UPDRS, which assesses the severity of motor
symptoms in patients with PD. These measures
were selected to provide a comprehensive
assessment of the effects of probiotic
supplementation on both constipation-related
QOL and PD motor symptomes.

Outcomes were assessed at baseline and at the
end of the 6-week intervention. Dietary intake and
physical activity were recorded and included as
covariates in the analysis to adjust for potential
confounding effects.

Sample size calculation: Based on previous
literature, assuming a between-group difference of
1.3 SBMs/week [standard deviation (SD) = 1.5],
two-sided a = 0.05, and 80% power, 65 participants
were required. Accounting for a 10% dropout rate,
72 participants were recruited.
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Baseline comparability between groups was
assessed for total energy intake (kcal/day),
macronutrients, fiber intake (g/day), and physical
activity level (assessed using the IPAQ) using
independent t-tests. No significant differences
were observed (all Ps > 0.05). Despite baseline
comparability, pre-specified covariates (baseline
SBM count, total energy intake, fiber intake, and
physical activity) were included in analysis of
covariance (ANCOVA) models for primary and
key secondary outcomes to adjust for potential
residual confounding. Sensitivity analyses,
including additional adjustment for age, sex, and
disease duration, confirmed the robustness of the
primary outcome. Normality of data was assessed
using the Shapiro-Wilk test, and categorical
variables were compared using chi-square tests.
All analyses were conducted using SPSS software
(version 27, IBM Corporation, Armonk, NY, USA),
with P < 0.05 considered statistically significant.
Both intention-to-treat (ITT) and per-protocol
analyses were performed.

Results

Participant flow: A total of 80 patients with PD
and chronic constipation were assessed for
eligibility. Eight were excluded (5 did not meet
inclusion criteria, 3 declined participation).
Seventy-two  participants were randomized
equally into probiotic (n = 36) and placebo (n = 36)
groups. During the 6-week intervention, one

participant from the placebo group and one from
the probiotic group were lost to follow-up. Thus,
70 participants completed the study and were
included in the per-protocol analysis. All
72 participants were included in the ITT analysis.
Missing data were minimal (< 5%) and handled
using the last observation carried forward
(LOCF) method. A CONSORT flow diagram is
presented in figure 1.

Baseline characteristics: The demographic and
clinical characteristics of the participants are
summarized in table 1. There were no significant
differences between the two groups in terms of
age, sex, or body mass index (BMI) (all Ps > 0.05).
Comparisons of dietary intake, including total
energy, total fiber, and physical activity, are
presented in table 2. No significant differences
were found between the groups for any of these
variables (all Ps > 0.05). Mean age was 64.72 +7.02
years in the placebo group and 65.00 + 6.82 years
in the probiotic group, with 47.2% male
participants. Mean BMI, PD duration, levodopa
dose, PAC-QOL and UPDRS III scores, total
energy intake, macronutrient and fiber intake,
and physical activity levels (assessed using the
IPAQ) did not differ significantly between groups
(all Ps > 0.05). Adjusted analyses using ANCOVA,
including baseline SBM count, energy intake, fiber
intake, and physical activity as covariates to
control for potential residual confounding,
confirmed the primary outcome results.

Assessed for eligibility (n = 80)

Declining to participate (n = 3)

Not meeting inclusion criteria

\ 4

\4

Allocated to intervention group (n = 36)
Receiving intervention (n = 35)
Not receiving intervention (n = 1)
Reason = Gastrointestinal intolerance

v
35/35 participants completed

follow-up

A 4

y (n=5)
Randomized (n = 72)
Allocation
\4
Allocated to placebo group (n = 36)
Receiving intervention (n = 35)
Not receiving intervention (n = 1)
Reason = No interest
Follow-up A 4
35/35 participants completed
follow-up
Analysis A 4

Analyzed ITT (n = 36)
Analyzed per protocol (n = 35)

Analyzed ITT (n = 36)
Analyzed per protocol (n = 35)

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram of study

participants (ITT: Intention-to-treat)
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Table 1. General demographic and clinical characteristics of study participants in the probiotic and control groups

at baseline
Variable Placebo group (n = 36) Probiotic group (n = 36) P
Gender
Men 18 (50) 16 (45) 0.63"
Women 18 (50) 20 (55)
Duration of PD (year) 6.15 + 3.69 5.85+ 4.37 0.75
Age (year) 64.72 £ 7.02 65.00 + 6.82 0.86
Dosage of the drug (mg/day) 733.67 £390.34 656.58 = 373.45 0.39
Height (cm) 167.11+£7.26 165.97 £6.73 0.49
Weight at study baseline (kg) 69.96 + 11.39 69.85 + 10.32 0.96
Weight at end of the trial (kg) 70.55+11.73 71.18 +£10.33 0.82
BMI at study baseline (kg/m?) 24.99 + 3.20 25.42 +3.90 0.61
BMI at end of the trial (kg/m?) 25.11+3.31 25.54 + 3.94 0.63

Data are presented as mean + standard deviation (SD) for continuous variables and number (%) for categorical variables.
"Obtained from an independent t-test; “*Obtained from the chi-square test

PD: Parkinson’s disease; BMI: Body mass index

Sensitivity analyses, including additional
adjustment for age, sex, and disease duration,
yielded similar findings, confirming the robustness
of the primary and key secondary outcomes.

Primary outcome: As presented in table 3,
although no significant differences were observed
between the groups at baseline, the probiotic group
demonstrated significantly greater improvements
in both SBM and QOL compared with the placebo
group at the end of the trial (P = 0.001 for both).
After 6 weeks, the probiotic group showed a
significant increase in SBMs, from 2.42 + 0.65 at

baseline to 5.83 + 1.46 at week 6, compared to
2.39 £ 0.60 to 2.83 £ 0.65 in the placebo group. The
mean increase in SBM frequency was 3.41 in the
probiotic group versus 0.44 in the placebo group,
with an adjusted mean difference of 2.97
[95% confidence interval (CI): 2.46-3.53, P < 0.001]
after controlling for baseline dietary intake and
physical activity. The proportion of participants
achieving > 3 SBMs/week post-intervention was
80% in the probiotic group versus 36.2% in the
placebo group (P < 0.001). These findings were
consistent in both ITT and per-protocol analyses.

Table 2. Comparison of dietary intake and physical activity between baseline and after 6 weeks in probiotic and control groups

Placebo group (n = 36)

Probiotic group (n = 36)

Week 0 Week 6 P Week 0 Week 6 p*
Food groups
(servings/day)
Dairy 1.21+1.12 0.96+1.12 0.09 0.79+£0.96 0.78+1.01 0.74
Fruits 3.50+£2.22 2.99 +1.87 0.59 3.20+2.52 3.47+£2.39 0.72
Vegetables 1.51+1.37 1.41+1.42 0.43 1.74+1.10 1.62+1.05 0.28
Grains 10.98 £5.37 9.98 £ 4.67 0.68 10.46 £5.39 10.39+4.74 0.79
Meats 5.36 £2.81 5.56 +2.88 0.55 4,97 +2.73 5.34+2.78 0.83
Fat and oils 10.89 +4.71 11.39 +4.53 0.51 10.07 + 5.88 10.12 + 5.46 0.87
Total energy 2122.62 +560.00 2027.33+510.00 0.17 1938.06 £582.00 1994.05+562.00 0.16
intake (kcal/day)
Water intake 1260.00 +£417.94  1240.00 +410.00 0.85 1277.78 £397.47 1257.70+390.00 0.89
(ml/day)
Soluble fiber 0.71+0.48 0.50+0.39 0.40 0.62 +0.46 0.47 £0.46 0.26
(g9/day)
Insoluble fiber 3.71+£2.63 341277 0.15 290+2.11 2.46+1.98 0.62
(g/day)
Crude fiber 8.53 +£4.54 7.98 +£3.99 0.36 7.62 +3.86 8.76 +£4.33 0.17
(g/day)
Total fiber 21.49 +£13.72 20.32+13.21 0.86 19.46 £9.77 20.87+£9.92 0.86
intake (g/day)
MET-hour/day 34.98 + 3.59 34.98 + 3.59 >0.99 38.45 + 4.01 38.45 +4.01 >0.99
Data are presented as mean + standard deviation (SD).
*Obtained from paired sample t-test
MET: Metabolic equivalent; 1 MET = 3.5 ml Oz/kg/minute
Curr ] Neurol, Vol. 24, No. 3 (2025) 199
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Table 3. Change in the mean number of spontaneous bowel movements (SBMs) and quality of life (QOL)
related to constipation and Unified Parkinson's Disease Rating Scale-Part 111 (UPDRS I11) between
baseline and end of the trial in the probiotic and control groups

Placebo group (n =36) Probiotic group (n=36) P”

SBM per week at the study baseline 2.39+0.60 2.42 +£0.65 0.850
SBM per week at end of the trial 2.83+0.65 5.83+1.46 0.001
QOL score at study baseline 32.44 £17.93 38.58 +£19.98 0.170
QOL score at end of the trial 30.97 +17.31 15.75+ 12.54 0.001
UPDRS Il at study baseline 26.97 +£10.10 27.89 + 8.80 0.680
UPDRS Il at end of the trial 25.97 + 9.64 27.97 =8.99 0.400

Data are presented as mean + standard deviation (SD).

"Obtained from an independent t-test; P-values < 0.05 were considered statistically significant; statistical power

was calculated using G*Power version 3.1.

SBM: Spontaneous bowel movement; QOL: Quality of life; UPDRS III: Unified Parkinson’s Disease Rating

Scale-Part 11l (motor examination)

Secondary outcomes

e PAC-QOL: The probiotic group showed a
significant reduction in total PAC-QOL scores,
from 38.58 + 19.89 at baseline to 15.75 + 12.54
post-intervention. The placebo group showed
minimal reduction, from 3244 + 17.93 to
30.97 + 17.31. The adjusted mean difference in
score changes between groups was -15.22 points
(95% CI: -22.32 to -8.11, P < 0.001), indicating a
significant improvement in constipation-related
QOL among participants receiving probiotics.

e UPDRS III: No significant changes were
observed in motor function scores. In the
probiotic group, the mean UPDRS III
score slightly increased from 27.89 + 8.80 to
27.97 £ 8.99, while the placebo group decreased
from 26.97 + 10.10 to 25.97 + 9.64. The adjusted
mean difference in change between groups was
2.04 points (95% CI: -2.73 to 6.73, P = 0.40),
indicating no statistically significant difference.
These results suggest that probiotics improved
bowel function without affecting motor
symptoms over the 6-week period.

Adverse events and safety: No serious adverse
events were reported. Mild bloating occurred in one
participant in the probiotic group and resolved
spontaneously. No participants discontinued the
intervention due to adverse events, confirming
good tolerability.

Sensitivity analysis: Analyses using both ITT
and per-protocol datasets produced consistent
results for the primary outcome. The robustness of
the findings was confirmed after adjusting for
baseline dietary intake and physical activity.

Discussion

Principal findings: Our randomized, double-blind,
placebo-controlled trial evaluated the efficacy of a
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six-week multi-strain probiotic supplementation
on constipation in patients with PD. The results
demonstrated a statistically and clinically
significant increase in SBMs per week in the
probiotic group compared to placebo (mean
increase: 3.41 vs. 0.44, mean difference: 2.97,
95% CI: 246-353, P < 0.05). Additionally,
participants receiving probiotics showed marked
improvements in QOL related to bowel function as
measured by PAC-QOL (adjusted mean difference:
-15.22 points, 95% CI: -22.32 to -8.11, P < 0.05). No
significant changes were observed in UPDRS Part
III motor scores, indicating that GI improvements
occurred independently of motor function.

Comparison with previous studies: Recent
years have seen growing interest in the role of
probiotics for managing constipation in PD. A 2023
meta-analysis by Xie et al. reported that probiotic
supplementation significantly improved bowel
movement frequency and stool consistency, and
reduced laxative use in patients with PD.15
Similarly, an RCT by Ibrahim et al. demonstrated
that a multi-strain probiotic (Hexbio) improved
bowel function and gut motility in patients with
PD.'6 Consistent findings were also observed in
other clinical trials including Barichella et al.l”
Notably, Barichella et al. demonstrated that a
fermented milk containing multiple probiotic
strains significantly improved stool frequency and
consistency in PD patients with constipation.
Furthermore, a systematic review by Yin and Zhu
concluded that probiotic supplementation could
improve gut motility and reduce constipation
severity in  neurodegenerative  disorders,
particularly PD.’® Despite these encouraging
results, heterogeneity in strains, dosage, treatment
duration, and outcome measures across studies
underscores the need for standardized protocols
and multicenter trials.

https://cjn.tums.ac.ir 06 July



Several mechanistic pathways, including SCFA
production, modulation of gut permeability, and
anti-inflammatory effects, may underlie the
observed benefits, although these remain
hypothetical without direct metabolomic or multi-
omics data. A comprehensive meta-analysis by Xie
et al,, including 12 RCTs with a total of 818 patients
with PD, reported that probiotics significantly
increased stool frequency compared with controls,
with a weighted mean difference (WMD) of 0.94
bowel movements per week (95% CI: 0.53-1.34).15
While these results support the beneficial role of
probiotics in alleviating constipation, the authors
highlighted substantial heterogeneity related to
probiotic strains, treatment duration, and outcome
definitions. In comparison, our trial demonstrated
a larger effect size (mean difference of 2.97
SBMs/week), which may reflect differences in
probiotic formulation, baseline severity of
constipation, and the relatively homogeneous
Iranian cohort. Importantly, our study strengthens
the existing body of evidence by using standardized
Rome IV criteria and validated QOL assessments,
thereby addressing some of the methodological
limitations identified in previous trials.

Mechanisms underlying probiotic effects:
Several biological mechanisms likely contribute to
the observed benefits:

1. SCFAs: Probiotic strains such as L. acidophilus
and B. breve produce SCFAs, particularly
butyrate, which enhance enteric nervous
system activity, promote smooth muscle
contractility, increase mucus secretion, and
reduce intestinal inflammation.0

2. Intestinal  barrier  function:  Probiotics
strengthen tight junction integrity, reducing
intestinal permeability and systemic exposure
to pro-inflammatory molecules, which may
exacerbate PD pathology.?®

3. Gut-brain  axis  modulation:  Probiotics
modulate vagal and serotonergic pathways,
influencing gut motility and central nervous
system (CNS) signaling.20

4. Immunomodulation: Probiotic supplementation
reduces pro-inflammatory cytokines
[interleukin (IL)-6, tumor necrosis factor-alpha
(INF-a)] and increases anti-inflammatory
cytokines (IL-10), supporting both gut and
systemic health.1?

5. Microbiota composition and  diversity:
Multi-strain probiotics increase beneficial taxa
(Lactobacillus, Bifidobacterium) and decrease
potentially pathogenic bacteria

S. Zareie, et al.

(Enterobacteriaceae), improving gut microbiota
diversity and correlating with motility
improvement.?!

Although we did not perform microbial
profiling, these mechanisms provide a plausible
explanation for the increased SBMs and improved
PAC-QOL scores observed in our study. Future
incorporation of microbiome sequencing and
metabolomic analyses will be essential to confirm
these mechanisms.

ANCOVA using baseline UPDRS Part III scores
as a covariate revealed no significant influence of
motor severity on Gl outcomes (adjusted
P = 0.635). Given the short intervention duration
(6 weeks) and the predominantly peripheral target
of probiotic treatment, large clinically meaningful
improvements in motor function were not
expected. Mechanistic pathways such as the
gut-brain  axis, modulation of systemic
inflammation, and SCFA production could
plausibly influence neurodegeneration over longer
periods. Preclinical and early clinical studies
suggest that microbiome modulation may have
delayed or cumulative effects on
neuroinflammation and motor progression.
Additionally, UPDRS measurement variability
and floor/ceiling effects can limit the detection of
small changes in short-term trials. Therefore,
longer, adequately powered longitudinal studies
incorporating clinical motor endpoints and
objective biomarkers are warranted to evaluate
potential disease-modifying effects of probiotics in
PD. These findings highlight that the current
intervention primarily targeted GI symptoms, and
the lack of motor improvement should not be
interpreted as evidence against potential long-term
neuroprotective effects of probiotics.

Safety and  adherence: The  probiotic
supplement was well tolerated. Mild and transient
bloating was reported in a single participant. No
serious adverse events occurred, and adherence
exceeded 90%, demonstrating the feasibility and
safety of multi-strain probiotics in PD populations.

Limitations: Key limitations include the
single-center design, short intervention duration,
absence of microbial profiling, and potential
recall bias from 24-hour dietary recalls,
particularly in cognitively impaired patients.
Another limitation is that the primary outcome,
weekly SBMs, was recorded using patient-
reported daily diaries. Although diaries were
collected prospectively with weekly telephone
reminders and in-clinic checks to maximize
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completeness, patient-reported data remain
susceptible to reporting errors and recall bias. To
mitigate this, participants were trained on
accurate diary recording, reminder calls were
conducted, and diaries were checked for
completeness during clinic visits. Future studies
may consider the use of electronic real-time
recording systems or objective stool frequency
monitoring to further reduce reporting bias.
Future directions: Future research should focus
on multicenter, long-term trials with microbial
profiling to clarify the mechanisms of probiotic
action. Investigating effects on other NMSs (e.g.,
depression, cognitive outcomes) and evaluating
combined interventions (dietary modifications,
pharmacologic therapy) could further optimize
constipation management in PD. While our study
demonstrates beneficial effects of probiotics on GI
outcomes, these results should be interpreted with
caution given the limited sample size, short
intervention duration, and single-center design.
Further well-powered multicenter RCTs are
required to confirm these findings and to assess
potential long-term effects on PD progression.

Conclusion

This study demonstrates that six-week
supplementation with a multi-strain probiotic
significantly improved SBMs and constipation-
related QOL in patients with PD, without causing
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