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Introduction

Abstract

Background: Multiple sclerosis (MS) is a chronic autoimmune disease characterized by
inflammation and demyelination of the central nervous system. Probiotics, through the gut-brain
axis, are suggested to enhance clinical outcomes in patients with MS. This study scrutinizes the
effects of probiotic supplementation in relapsing-remitting MS (RRMS) patients.

Methods: In this parallel, randomized, double-blind, placebo-controlled trial, 90 RRMS patients,
with Expanded Disability Status Scale (EDSS)<4, received either the probiotic (Lactocare®) or
a placebo twice daily for four months. Assessed outcomes included level of disability (based on
EDSS), cognitive function (Symbol Digit Modalities Test [SDMT], three-second version of Paced
Auditory Serial Addition Test [PASAT-3]), depressive symptoms (Beck Depression Inventory-
Il [BDI-IIT), and manual dexterity (Nine-Hole Peg Test [9HPT]). Blinding was performed for
outcome assessors and the patients. All assessments were conducted at baseline and after four
months, and the findings compared between the groups of the study.

Results: Out of 90 randomized patients, 60 completed the trial (29 in the probiotics group,
31 in the placebo group). Probiotics supplementation was not associated with significant
improvement in EDSS, BDI-Il, PASAT, SDMT, and non-dominant hand 9HPT (p-values>0.05).
Intragroup improvements in PASAT-3 (change median: 2 [IQR:9.5]) and dominant hand 9HPT
(change median: -0.43 [IQR: 2.15]) were observed in the probiotic supplementation group,
which was comparable to placebo.

Conclusion: Supplementation with a seven-strain probiotics product for four months does not
result in a significant improvement in depressive symptoms, cognitive performance, level of
disability, and manual dexterity of RRMS patients with EDSS < 4.

and neurological health.!"”"" Probiotics, defined as

Multiple sclerosis (MS) is a chronic autoimmune disease
characterized by inflammation and demyelination of
the central nervous system, leading to a broad range of
physical, cognitive, and emotional impairments."* The
most common phenotype of MS is relapsing-remitting
(RRMS).> Depressive symptoms and neuropsychiatric
dysfunction affect up to 70% of MS patients and can
significantly impact quality of life and treatment
adherence.*® Additionally, physical disabilities, such as
gait disturbances and hand dexterity issues, are major
contributors to the disease burden.”® As MS progresses,
managing these diverse symptoms becomes increasingly
challenging,” which highlights the importance of prompt
diagnosis and management of MS.

Recent attention has focused on the gut-brain axis,
highlighting the connection between gut microbiota

live microorganisms that confer health benefits when
consumed in adequate amounts, are believed to influence
this axis, potentially improving cognitive function,
emotional well-being, and physical abilities.">"* In MS
patients, dysbiosis, or microbial imbalance, has been
linked to worsened disease outcomes, suggesting that
probiotic supplementation could offer therapeutic
benefits.'® Probiotics may influence cognitive and
physical health, as well as psychological well-being, in
MS patients.”” Research has shown that probiotics may
enhance motor function in MS animal models, reduce
depressive symptoms, and mitigate cognitive decline in
various populations.'®2

Despite growing evidence of the potential benefits
of probiotics supplementation in neurological and
psychological health, its clinical effects on MS patients
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remain minimally explored. A meta-analysis of the
randomized controlled trials (RCTSs), reported the
beneficial effects of probiotics in improving the mental
health of MS patients; however, very low certainty of
evidence, suggested more studies on this topic.” This RCT
aimed to evaluate the impact of probiotic supplementation
on cognitive function, depressive symptoms, level of
disability, and hand dexterity in RRMS patients with
Expanded Disability Status Scale (EDSS) <4.

Patients and Methods

Study design

This study was a parallel, randomized, double-blind,
placebo-controlled clinical trial designed to evaluate
the effects of probiotics supplementation on the clinical
outcomes of patients with RRMS, and the final article
was reported following the Consolidated Standards of
Reporting Trials (CONSORT) statement.” The allocation
ratio for this trial was 1:1.

Participants

Inclusion criteria were confirmed diagnosis of RRMS
according to the 2017 MacDonald criteria,® the ability
to unaided walk (EDSS <4) along with the willingness
to provide informed consent. Exclusion criteria
included the presence of other neurological disorders in
addition to MS, diabetes, anemia, other inflammatory
or rheumatologic conditions, acute or chronic
infections, relapse of the disease in the last three months,
recent use of corticosteroid pulse therapy, thyroid
diseases, discopathies, diagnosed depression under
antidepressants therapy, substance abuse, pregnancy,
low educational level (below high school, twelve-years)
or insufficient proficiency in the Persian language. Out
of 122 screened patients for participation in this trial,
finally, 45 eligible patients were randomized into each
group of the study. Patients were retrieved from a MS
clinic, affiliated with the Tabriz University of Medical
Sciences (TUOMS).

Intervention
The intervention group received the probiotic supplement
(Lactocare®, contains 2x 10° CFU of Lactobacillus casei,

Lactobacillus  acidophilus, Lactobacillus  rhamnosus,
Lactobacillus ~ bulgaricus,  Bifidobacterium  breve,
Bifidobacterium longum, Streptococcus thermophiles

species, and prebiotic fructo-oligosaccharide) produced
by Zist Khamtir (Tehran, Iran). The second group
received a placebo identically to its probiotic counterpart
considering size, shape, color, weight, and package filled
with starch. The groups of the study received the capsules
in sealed envelopes and recommended storing them in
the refrigerator, according to the product catalog, and
consuming them twice daily with a full glass of water, for
four months.

Outcome measures

The primary outcomes of the study included physical

disability, cognitive function, depressive symptoms, and
hand dexterity. Physical disability was assessed using the
EDSS.»? EDSS was evaluated by an experienced neurologist,
who was not aware of the received intervention. In
addition, hand dexterity was measured using the Nine-
Hole Peg Test (9HPT).** All of the participants were right-
handed and the tests were applied twice for both hands
and the mean time for completing the test was recorded.
The absolute values of the differences between the right
and left hands were calculated and reported as asymmetry
scores. Cognitive function was assessed using the Symbol
Digit Modalities Test (SDMT),” and the three-second
version of the Paced Auditory Serial Addition Test
(PASAT-3).” Depressive symptoms were evaluated using
the Persian-validated version? of the Beck Depression
Inventory-II (BDI-II).*® All assessments were conducted
at baseline and in the second visit of the participants, after
four months.

Sample size

Considering 80% power and type one error (a) of 0.05,
allocation ratio 1, and based on the EDSS outcome in
Kouchaki and colleagues’ RCT,” the minimum sample
size for this study was calculated using the G*Power
software (version: 3.1.9.2) and 24 patients in each group
was determined. Considering drop rates and in order
to increase power, the sample size of 90 patients was
determined for this study.

Randomization and blinding

A random allocation sequence was generated using a
random number table, and 90 patients were randomized
into intervention and placebo groups, so the type of
randomization was simple. One researcher who did
not participate in the data collection process enrolled
participants and assigned them to groups. In order
to double-blinding, in addition to the patients, the
neurologist who assessed the clinical outcomes and the
colleague who collected the data were not aware of the
received intervention. The groups of the study received
the capsules in sealed envelopes.

Data collection and statistical analysis

Data were collected at baseline and after the intervention
through clinical examinations and standardized
questionnaires. Data were analyzed using IBM SPSS
Statistics for MacOS (Version 23). Descriptive statistics
were used to summarize the data, with results presented
as meanzstandard deviation or median [interquartile
range] based on the normality of distributions assessed
by the Shapiro-Wilk test. Between-group comparisons
were performed using independent sample t-tests or the
Mann-Whitney U test based on the normality of numeric
distributions and Fisher’s Exact Test or chi-square for
categorical variables. Paired sample t-test, Wilcoxon
signed-rank test or McNemar’s test were used to evaluate
the changes within groups. A p-value of less than 0.05 was
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considered statistically significant, and 95% confidence
intervals were observed for all tests.

Results

A total of 122 patients were assessed for eligibility, of
which 32 were excluded (18 did not meet inclusion criteria
and 14 declined to participate). The remaining 90 patients
were randomized into two groups: 45 were allocated to
the probiotic group, and 45 to the placebo group. In
the probiotic group, 42 patients received the allocated
intervention, while three did not. In the placebo group,
43 patients received the allocated intervention. During
the follow-up period, seven patients in the probiotic
group were lost to follow-up, two patients discontinued
the intervention due to disease relapse, and four patients
discontinued the intervention due to gastrointestinal
side effects and personal reasons. In the placebo group,
10 patients were lost to follow-up, and two discontinued
the intervention (due to relapse and gastrointestinal side
effects). Ultimately, 31 patients in the placebo group
and 29 in the probiotic group completed the trial and
were included in the final analysis. No patients were
excluded from the final analysis. Constipation, was the
only reported side effects in the participants, and there
were no considerable safety issues in this trial. The flow
of patient recruitment, allocation, follow-up, and analysis

is presented in the CONSORT flow diagram (Figure 1).

Baseline characteristics

A total of 60 RRMS patients were included in the final
analysis, with 29 in the probiotics group and 31 in the
placebo group. The mean age was 33.66 +8.32 years for
the probiotics group and 31.23 + 8.85 years for the placebo
group. The majority of patients in both groups were
female (72.4% in the probiotics group and 80.6% in the
placebo group). The duration of the disease was slightly
longer in the probiotics group (60 months [IQR: 93])
compared to the placebo group (48 months [IQR: 63]).
Details regarding the first clinical presentation, education
levels, disease-modifying therapies, and smoking status
are presented in Table 1.

Effects of probiotics supplementation in disability and
functional scores

The EDSS did not show significant differences between
the probiotics and placebo groups before or after the
intervention (P>0.05). Before treatment, the overall EDSS
score was 0 for 48.3% of the probiotics group and 45.2%
of the placebo group. After treatment, 51.7% of patients
in the probiotics group and 51.6% in the placebo group
had an overall EDSS score of 0 (P=0.35). No significant
changes were observed within either group (P=0.30 for the

== CONSORT
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CONSORT 2010 Flow Diagram

Enrollment

Assessed for eligibility (n= 122)

Excluded (n= 32)
» «+ Not meeting inclusion criteria (n= 18)
+ Declined to participate (n= 14)

‘ Randomized (n= 90) l

I

L

2 Allocation J Y

Allocated to probiotic group (n= 45)

+ Received allocated intervention (n= 42)

+ Uncertainty about the disease phenotype (n=2)
+ Urinary tract infection (n=1)

&

y Follow-Up v

Allocated to placebo group (n= 45)

+ Received allocated intervention (n= 43)

+ Uncertainty about the disease phenotype (n= 1)
+ Declined to participate (n=1)

+ Lost to follow-up (not attending the clinic) (n=7)
+ Discontinued intervention (Relapsing) (n= 2)

+ Discontinued intervention (Gl side effects) (n= 2)
+ Declined to continue for personal reasons (n=2)

v Analysis v

J
+ Lost to follow-up (not attending the clinic) (n= 10)
+ Discontinued intervention (Relapsing) (n= 1)

+ Discontinued intervention (Gl side effects) (n= 1)

Analysed (n=29)
+ Excluded from analysis (give reasons) (n= 0)

Analysed (n=31)
+ Excluded from analysis (give reasons) (n= 0)

Figure 1. CONSORT flow diagram
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probiotics group, P=0.40 for the placebo group) (Table 2).

Effects of probiotics supplementation on depressive
symptoms

Depressive symptoms, based on BDI-II scores, showed
significant improvement in the placebo group (P=0.02).

Table 1. Characteristics of the patients included in the final analysis

Probiotics Placebo
Characteristics (units, statistics) group group
(n=29) (n=31)

Age (years-old, mean+SD) 33.66+8.32 31.23+8.85

Female sex (n (percentage%%)) 21(72.4%) 25 (80.6%)

First presentation (n (percentage%))

Ataxia 3 (10.3%) 2 (6.5%)
Blurred vision 4 (13.8%) 10 (32.3%)
Diplegia 0 (0.0%) 2 (6.5%)
Diplopia 7 (24.1%) 3(9.7%)
Muscle Spasm 0 (0.0%) 1(3.2%)
Optic Neuritis 1 (3.4%) 2 (6.5%)
Paresis 2 (6.9%) 0(0.0%)
Sensory 12 (41.4%) 11 (35.5%)
Education (years, median [IQR]) 14 [4] 12 [5]
Disease duration (months, median [IQR]) 60 [93] 48 [63]
Disease-modifying therapy (n (percentage%))

Dimethyl Fumarate 7 (24.1%) 14 (45.2%)
Fingolimod 10 (34.5%) 3(9.7%)
Glatiramer acetate 1(3.4%) 0 (0.0%)
Interferon-beta 1a 6 (20.7%) 4 (12.9%)
Natalizumab 0 (0.0%) 2 (6.5%)
Ocrelizumab 1(3.4%) 4(12.9%)
Rituximab 3(10.3%) 3(9.7%)
No disease-modifying therapy 1(3.4%) 1(3.2%)
Smoking 2 (6.9%) 2 (6.5%)

The median change in BDI-II scores was 0 [IQR: 9] for
the probiotics group and -3 [IQR: 6] for the placebo group
(P=0.11). Nor before (P=0.23), nor after the interventions
(P=0.10), there was no significant difference between the
groups of the study regarding the depressive symptoms
(Table 3).

Effects of Probiotics Supplementation on Cognitive
Function

Cognitive function, assessed through SDMT and
PASAT-3, revealed no significant differences between the
groups. The mean change in SDMT scores was 0.5 [IQR:

Table 2. The effects of probiotic supplementation on the level of disability,
based on the Expanded Disability Status Scale (EDSS).

Probiotics Placebo Between
Scale (timing, statistics) group group groups P
(n=29) n=31) value
0 14 (48.3%) 14 (45.2%)
1 8 (27.6%) 11 (35.5%)
EDSS overall score 15 3 (10.3%) 1(3.2%)
(Before, n 0.44
(percentage%)) 2 1 (3.4%) 4 (12.9%)
3 2 (6.9%) 0 (0.0%)
3.5 1 (3.4%) 1(3.2%)
EDSS overall score (Before,
median [IQR]) 111.25] 1.0 [1.0] 0.99
0 15(51.7%) 16 (51.6%)
1 9 (31.0%) 8 (25.8%)
EDSS overall score 1.5 1(3.4%) 13.2%)
Aft o, 0.49
(After, n (percentage%)) 2 1(3.4%) 5 (16.1%)
3 2 (6.9%) 0 (0.0%)
3.5 1 (3.4%) 1(3.2%)
EDSS overall score (After,
median [IQR]) 0.0 [1.0] 0.0 [1.0] 0.91
Intragroup comparison of EDSS 030 0.40 )

scores (P value)

SD: Standard deviation; IQR: Interquartile range.

EDSS: Expanded Disability Status Scale; IQR: Interquartile range.

Table 3. The effects of probiotic supplementation on depressive symptoms, based on the second version of Beck’s Depression Inventory (BDI-II)

Scale (timing, statistics)

Probiotics group (n=29)

Placebo group (n=31) Between groups P value

BDI-II scores (before, median [IQR])
BDI-II scores (after, median [IQR])
BDI-II scores (changes, median [IQR])

Intragroup comparison of BDI-II scores (P value)

Depressive symptoms (Before, n
(percentage%))

Depressive symptoms (After, n
(percentage%))

Minimal (BDI-I1<13)
Mild (BDI-II: 14-19)
Moderate (BDI-II: 20-28)
Severe (BDI-11>28)
Minimal (BDI-l1<13)
Mild (BDI-II: 14-19)
Moderate (BDI-II: 20-28)

Severe (BDI-11>28)

12 [13] 13 [19] 0.48
13 [16] 9171 0.79
0[9] -3 [6] 0.11
0.86 0.02* -
16 (55.2%) 16 (51.6%)
7 (24.1%) 3(9.7%)
0.23
2 (6.9%) 7 (22.6%)
4 (13.8%) 5(16.1%)

15 (51.7%)

19 (61.3%)

Intragroup comparison of depressive symptoms (P value)

7 (24.1%) 2 (6.5%)
0.10
2 (6.9%) 7 (22.6%)
5 (17.2%) 3(9.7%)
0.70 0.33 -

BDI-II: second version of Beck’s Depression Inventory; IQR: Interquartile range. * Statistically significant

Pharmaceutical Sciences. 2025;31(3) | 325



Naseri et al

6] in the probiotics group and 0 [IQR: 9] in the placebo
group (P=0.96). Similarly, PASAT-3 scores showed
non-significant changes between the groups (P=0.76).
However, both groups demonstrated significant
improvements in PASAT-3 scores after treatment
(P=0.02 for the probiotics group, P=0.01 for the placebo
group) (Table 4).

Effects of probiotics supplementation on hand dexterity

Hand dexterity, measured using 9HPT, indicated the mean
9HPT score for the dominant hand improved significantly
in both the probiotics (P=0.04) and the placebo group

(P=0.01), with no significant differences between groups
(P=0.43). Left-hand (non-dominant) dexterity as well as
the 9HPT mean scores, showed significant improvement
only in the placebo group (P<0.01). Asymmetry between
the hands in 9HPT did not show significant changes in
either group (Table 5).

Discussion

This RCT explored the effects of probiotics on level of
disability, cognitive performance, depressive symptoms,
and hand dexterity in RRMS patients. Overall, the findings
of this RCT revealed no significant improvement in the

Table 4. The effects of probiotic supplementation on cognitive function, based on the Symbol Digit Modalities Test (SDMT) and the three-second version of the

Paced Auditory Serial Addition Test (PASAT-3)

Scale (timing, statistics)

Probiotics group (n=29)

Placebo group (n=31) Between groups P value

SDMT scores (before, mean +SD) 47.08+12.24 4990+13.16 0.47
SDMT scores (after, mean +SD) 48.79+12.01 50.62+15.85 0.55
SDMT scores (changes, median [IQR]) 0.5 [6] 0 [9] 0.96
Intragroup comparison of SDMT scores (P value) 0.62 0.70 -

SDMT impairment (before SDMT <30.86), n (percentage%) 6 (20.7%) 2 (6.5%) 0.14
SDMT impairment (after SDMT <30.86), n (percentage%) 4 (13.8%) 5(16.1%) 0.99
Intragroup comparison of SDMT impairment (P value) 0.49 0.19 -

PASAT-3 scores (before, mean +SD) 49.58+8.36 45.45+9.17 0.09
PASAT-3 scores (after, mean +SD) 52.96+7.27 49.00+8.33 0.07
PASAT-3 scores (changes, median [IQR]) 2 19.5] 2 (6] 0.76
Intragroup comparison of PASAT-3 scores (P value) 0.02* 0.01* -

PASAT-3 impairment (before PASAT-3<33.71), n (percentage%) 7 (24.1%) 4 (12.9%) 0.33
PASAT-3 impairment (after PASAT-3 <33.71), n (percentage%) 5(17.2%) 39.7%) 0.46
Intragroup comparison of PASAT-3 impairment (P value) 0.52 0.70 -

SDMT: Symbol Digit Modalities Test; PASAT-3: three seconds version of Paced Auditory Serial Addition Test; IQR: Interquartile range; SD: Standard deviation.
Note: Impairment was defined as<— 1.5 standard deviations from the mean normative values for each cognitive test in the Iranian general population.

* Statistically significant

Table 5. The effects of probiotic supplementation on hand dexterity, based on the Nine-Hole Peg Test (9HPT)

Scale (timing, statistics)

Probiotics group (n=29)

Placebo group (n=31) Between groups P value

9HPT-R scores (before, mean +SD) 22.16+2.19
9HPT-R scores (after, mean +SD) 21.08+2.23
9HPT-R scores (changes, median [IQR]) -0.43 [2.15]
Intragroup comparison of 9HPT-R scores (P value) 0.04*
9HPT-L scores (before, mean +SD) 23.43+2.95
9HPT-L scores (after, mean +SD) 23.44+3.15
9HPT-L scores (changes, median [IQR]) 0[1.75]
Intragroup comparison of 9HPT-L scores (P value) 0.97
9HPT-M scores (before, median [IQR]) 22.79+2.37
9HPT-M scores (after, median [IQR]) 22.26+2.46
9HPT-M scores (changes, median [IQR]) 0.00 [1.73]
Intragroup comparison of 9HPT-M scores (P value) 0.11
9HPT-A scores (before, median [IQR]) 1.42 [1.70]
9HPT-A scores (after, median [IQR]) 2.18 [2.96]
9HPT-A scores (changes, median [IQR]) 0.14 [2.03]
Intragroup comparison of 9HPT-A scores (P value) 0.06

24.18+4.44 0.03 *
22.98+4.70 0.05
-1.03 [3.29] 0.43
0.01* -
25.88+3.96 0.01*
24.65+4.67 0.24
-1.13 [3.71] 0.07
<0.01* R
25.02+4.05 0.01*
23.81+4.45 0.09
-0.69 [2.32] 0.11
<0.01* -
1.57 [3.51] 0.53
2.25[2.99] 0.97
0.34 [2.03] 0.92
0.15 -

9HPT-R: Nine-Hole Peg Test, right hand; 9HPT-L: Nine-Hole Peg Test, left hand; 9HPT-M: Nine-Hole Peg Test, mean; 9HPT-A: Nine-Hole Peg Test, asymmetry;

IQR: Interquartile range; SD: Standard deviation. * Statistically significant
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mentioned factors, with four-month supplementation
with a seven-strain probiotic (Lactocare”) in RRMS
patients with EDSS<4. In comparison, previously, a
limited number of studies have shown more promising
results regarding the clinical improvements in MS
symptoms by reducing inflammatory and oxidative
biomarkers.”**" Although this study did not focus on
inflammatory biomarkers, these findings suggest that
probiotics may have a broader range of benefits beyond
the measured outcomes, potentially improving clinical
symptoms through immune modulation.”? The findings
of this RCT show some improvements in hand function
and cognitive outcomes, but the overall effects were
modest.

In terms of depressive symptoms, the present study
found no substantial improvement with probiotics
supplementation. A recent meta-analysis, based on
the results of three RCTs, suggested the positive effects
of probiotics in improving the depressive symptoms
associated with MS.* In detail, Rahimlou et al, in an
RCT of 70 patients with RRMS patients based on 2005
revised McDonald criteria, with EDSS<4.5, found that
six-month administration of 14 strains of probiotic
supplementation, was effective in boosting depressive
symptoms. The baseline BDI scores in this study were
22.15+1.62 and 20.84+1.25 in the intervention and
placebo groups.”” Salami et al, in an evaluation of 48 RRMS
patients, with EDSS <4.5, found daily intake of Lactocare®
supplementation for 16 weeks, effective in improving the
depressive symptoms in patients with baseline BDI scores
0f18.2+1.52and21.12 +1.35,in the placebo and probiotics
groups, respectively.’ In Kouchaki and colleagues’ RCT of
54 RRMS patients with EDSS <4.5, daily supplementation
with a probiotic product containing Lactobacillus
acidophilus, Lactobacillus casei, Bifidobacterium bifidum,
and Lactobacillus fermentum, for 12 weeks, changes in
BDI scores in were significantly different between the
placebo and intervention groups; however, the baseline
BDI scores were not reported in this study and there was
no exclusion of patients with diagnosed depression in this
trial.” In the present RCT, the median baseline BDI scores
were 12 [IQR: 13] and 13 [IQR: 19] in the probiotics and
placebo groups, respectively. Considering the evidence
regarding the positive effects of probiotics in patients with
clinical diagnosis of depression,” minimal depressive
symptoms in the participants as well as exclusion of
patients with diagnosed clinical depression in this study,
may be the cause of non-significant findings in this regard.
Additionally, the interaction between gut microbiota and
depressive function may differ depending on individual
gut compositions or the degree of disease progression in
MS patients. The mentioned three studies also suggested
probiotic supplementation was effective in improving the
EDSS scores of the participants. Similar to the present
RCT, all of the mentioned studies only included RRMS
patients with EDSS<4.5. The presence of dysbiosis in
MS patients has been associated with increased physical

disability, and correcting this imbalance with probiotics
could offer some physical benefits**; however, the lack of
improvements in depressive and physical symptoms in
our probiotics group may reflect variations in individual
responses or differences in probiotic strain or dosage.
In addition, differences in specific strains, doses of
probiotics, duration of supplementation used, and MS
diagnostic criteria - which was the 2017 revised version of
McDonald criteria, may contribute to this disagreement,
too.

Cognitive dysfunction is suggested as a poorly
managed symptom of MS.* Probiotics are suggested
to enhance cognitive performance in MS through the
anti-inflammation  pathway.””  Evidence suggested
positive effects of probiotics in improving the cognitive
function of patients with mild cognitive impairment
and/or Alzheimer’s disease,’® but not in the elderly.”® To
the best of our knowledge, there was no previous study
that investigated the cognitive effects of probiotics in
MS.* The findings of this study revealed no significant
improvement with probiotics supplementation after the
four-month intervention. Specifically, SDMT scores, as
a well-known test for evaluation of visual information
process speed, showed minimal improvement in both
groups, with no changes observed between groups. While
both groups exhibited improvements on PASAT-3, which
is suggested as a standard test for auditory information
process speed, the between-group differences were
not observed. This study did not support the observed
cognitive improvement in animal models of MS; which
may be due to the short duration of the supplementation,
too.

With regard to manual dexterity, the probiotics
supplementation was not found to improve hand
dexterity, as measured by 9HPT, which is considered a
gold standard measure of manual dexterity in MS.* Both
groups demonstrated improvements in dominant-hand
functioning, but the between-group differences were
not observed. In addition, 9HPT mean and asymmetry
scores which are suggested as precise assessment of hand
functioning,**** are not found to be affected by probiotic
supplementation in this study. Best of our knowledge,
there were no previous studies that assessed these effects
and they should be further researched, considering the
positive effects of this supplementation in improving
muscle strength and functional performance in other
conditions such as chronic obstructive pulmonary
disease,* and sarcopenia.**

Despite the considerable strengths of the present
RCT such as double-blinded study design, cognitive
assessments, and investigating the manual dexterity; as a
single-center RCT, the main limitation of this study was
the limited sample size, which is suggested to be addressed
in future studies. Evaluation of the longer-term effects of
probiotic supplementation is also recommended. Multiple
factors including poly-symptomatic presentation, longer
duration of MS attacks, smoking, body mass index
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(BMI),* and onset of the disease in ages > 50, are factors
associated with MS progression which may affect the
findings of this study as confounders. The generalizability
of the findings of this study is limited to RRMS patients
with EDSS < 4; therefore, it cannot be extended to severely
disabled patients and/or patients with progressive forms
of the disease. In addition, homogeneity regarding the
ethnicity and setting of the study which was only one
clinic in Tabriz, [ran may affect the external validity of the
findings of this study.

Conclusion

This RCT found that supplementation with a seven-
strain probiotics product for four months did not result
in a significant improvement in the level of disability,
depressive symptoms, cognitive performance, and manual
dexterity of RRMS patients with EDSS <4.
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