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Abstract: Aims: Research on probiotics for constipation management is still growing, and plays a
crucial role in the definition of a management strategy for bowel wellbeing, constipation, and related
outcomes. The present systematic review and meta-analysis of the beneficial effects of the SYNBIO®
blend, to consolidate the data from various clinical trials, was conducted. Methods: A literature search
using PubMed, Web of Science, and Google Scholar databases was conducted. The search was limited
to clinical trials that used the SYNBIO® blend, either as dietary supplements or probiotic-enriched
foods. Independently, two reviewers evaluated the trial’s quality and extracted all data. A 95%
confidence interval (CI) of a weighted mean difference (MD) was used to pool continuous data. For
the analysis, Review Manager version 5.4 was used. Results: Seven clinical trials involving a total
of 1095 subjects were included in the analysis. Overall, the SYNBIO® blend significantly improved
constipation relief by 0.75 (95% CI: 0.31 to 1.19; p = 0.0008) in 52% of the subjects, and significantly
increased intestinal regularity by 1.90 compared to the placebo (95% CI: 1.02 to 2.78; p < 0.0001) in
more than 60% of individuals. No adverse events were reported. Conclusions: The SYNBIO® blend
was found to significantly improve overall constipation, intestinal regularity, abdominal pain, and
intestinal cramping. This suggests that people with these specific symptoms could benefit from this

probiotic combination.
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1. Introduction

Constipation or chronic constipation, including primary chronic constipation, func-
tional constipation, and constipation-predominant irritable bowel syndrome, are the most
common functional gastrointestinal disorders, other than diarrhoea, which can be attributed
to gut microbiota dysbiosis. Several factors, including nutrition, intestinal motility and ab-
sorption, anorectal sensorimotor function, lifestyle, and psychological factors, are involved
in the complex pathophysiology of chronic constipation. This gastrointestinal disorder is
mainly characterized by infrequent bowel movements, difficult or painful passage of stools,
and the feeling of incomplete evacuation, alongside other symptoms [1].

This condition impacts approximately 20% of the global population and is the fourth
most frequently diagnosed gastrointestinal problem among medical professionals” out-
patient visits in the United States and Asia [2,3]. Current guidelines for the treatment of
chronic constipation recommend, as the initial approach, dietary interventions based on in-
creased dietary fibre intake followed by the use of laxatives. Despite an increasing number
of evidence-based studies demonstrating the effectiveness of various therapies, nearly half
of individuals with chronic constipation still have unmet expectations regarding the relief
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of their symptoms. Other concerns of these therapies include safety, side effects, inconve-
nience, and the taste of these medicines [4]. As a result of this, over the last few decades
there has been a noticeable increase in research on probiotic efficacy in the treatment of
constipation. The administration of probiotics has the potential to improve constipation
through several potential mechanisms: modulating the gut microbiota composition, stimu-
lating the production of metabolites derived from the intestinal microbiota, improving the
intestinal epithelial defence responses and intestinal secretion functions, and regulating the
nervous and endocrine systems that influence gut secretion and motility [1,5].

A dynamic community of 40 trillion microbes, known as the gut microbiome, resides in
the gastrointestinal (GI) tract and due to its mutualistic relationship with the host, microbes
and host have co-evolved. The host’s metabolism, endocrine, neurological, and immune
systems are impacted and influenced by the gut microbiota [5-7].

The pathophysiology of constipation has been linked to disruptions in the intestinal
microbiota composition. After probiotic supplementation, the relative abundance of bene-
ficial bacteria, such as lactobacilli and bifidobacteria, can increase, while populations of
potentially harmful bacteria decrease. The amelioration of symptoms related to constipa-
tion have been linked to increases in the Firmicutes/Bacteroidetes ratio [2,5,8]. Probiotic
supplementation can also alter the metabolic profile of the gut microbiota contributing
to gut motility and secretion, for example by increasing the short chain fatty acid (SCFA)
content [5]. On the other hand, probiotics influence intestinal epithelial defence responses
by strengthening the intestinal barrier, directly increasing the expression of tight junc-
tion proteins and stimulating mucin secretion, therefore reducing an intestinal pathogen’s
ability to adhere to mucosal epithelial cells [9]. Recent evidence suggests that probiotic
supplementation alleviates constipation symptoms by stimulating the enteric and central
nervous systems, acting through the gut-brain axis.

The current evidence on the efficacy of probiotics in treating chronic constipation in
adults is still inconclusive. It remains unclear which specific species or strains, dosage, and
supplementation duration of probiotics are most effective, which poses challenges when
making recommendations for clinical practice. Several studies have highlighted the need
for an updated comprehensive examination and statistical analysis to address this matter.
Therefore, the objective of the present review is to investigate the impact of the SYNBIO®
blend, a 1:1 mixture of two probiotic strains Lacticaseibacillus rhamnosus IMC 501® (DSM
16104), and Lacticaseibacillus paracasei IMC 502® (DSM 16105), on the intestinal and general
wellbeing of healthy individuals. Several studies were selected and analysed to assess the
host response to SYNBIO® blend supplementation in terms of constipation conditions and
symptoms, stool output, other clinical outcomes directly connected to constipation, quality
of life, and adverse effects.

2. Materials and Methods
2.1. Eligibility Criteria

The eligibility criteria, listed in Table 1, were defined using the PICOS (patient, inter-
vention, comparators, outcome, study design) approach.

Table 1. Inclusion and exclusion criteria and data extracted following the PICOS approach.

PICOS Inclusion and Exclusion Criteria Data Extraction
. Adult populations aged >18 years, otherwise healthy. Age, &e nder., 10?&’[101‘1, inclusion and . .
Patients L . . exclusion criteria, and number of subjects in
No restrictions for age, gender, or ethnicity. . .
the intervention and comparator group.
® . . . . . .
i?;NiIOa dzll.err:.dtof t;V: 11\;e pr{) blit;c St;? n}f' g;OblgthS Combination of two probiotic strains. The
Interventions y be 1uSterec as capsu’e or as enriched 100 dose and schedule of probiotic and duration

products (as long as the control group is such that the
effect of the probiotic alone can be isolated).

of intervention period were also recorded.
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Table 1. Cont.

PICOS

Inclusion and Exclusion Criteria Data Extraction

Trials were included if they used a placebo as a control.

Comparators

For trials in which the probiotic intervention was an
enriched food product, an acceptable comparator was

Type and dose of comparator.

taken to be the food product without the probiotics.

Reports of the clinical outcomes of constipation, stool Outcomes measured, their method of

Outcomes

frequency, stool consistency, other gastrointestinal assessment, and endpoint values for the

symptoms (bloating, abdominal pain), or adverse effect of the intervention on outcomes
effects/compliance. compared with the control group.

Randomized controlled trials only with >2 study Type of study design, fulfilment of

Study design

groups, as long as it was possible to extract data only on  intention-to-treat analysis, adequacy of
probiotic and placebo groups. Both parallel and randomization, and allocation concealment

crossover studies were eligible. and blinding.

PICOS—Patient, Intervention, Comparators, Outcome, Study design.

The relevant criteria of the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) statement [10] and the guidelines of assessing the methodological
quality of systematic reviews (AMSTAR) [11] were followed in this systematic review.

2.2. Strategy and Data Extraction

The authors strategy was to select clinical trials that used the SYNBIO® blend as a
probiotic supplement, based on combinations of the keywords: “probiotic”, “SYNBIO®”,
“intestinal /bowel wellbeing”, and “constipation”. Two assessors independently screened the
titles and abstracts of each study, while the full texts were considered for further evaluation.

Two reviewers (MMC and DE) extracted the data for the probiotic versus placebo
groups for a separate comparison, collecting data also as binary outcomes (responding to
supplementation, any changes, and worsening response).

A mean difference (MD) was computed for each outcome (constipation, intestinal
regularity, stool frequency, stool volume, stool consistency, ease of defecation, bloating,
abdominal pain, and intestinal cramping) using the same method and reported with
the same units (Table 2). Where necessary, standard deviations (SDs) were calculated
from standard errors (SEs) or 95% confident limits (Cls). In addition, data were stratified
according to different characteristics, such as proportion of females/males, age, duration of
the supplementation period, type of product, and dosage of the probiotic supplementation,
and further analysed.

Table 2. Outcomes and evaluation score of the questionnaires used in RCTs.

Questionnaires

Outcomes Score Scale References

Intestinal
wellbeing

Constipation, intestinal regularity, stool 10-point Likert scale: —5, 0, +5 (=5
frequency, stool volume, ease of means strong worsening, 0 means
defecation, bloating, abdominal pain, no changes, +5 means strong
intestinal cramping improvement)

[12,13]

Psychological General
Wellbeing Index

22 items for 6 dimensions: anxiety,
depression, self-control, positive From 0 (worst) to 100 (best) [14]
wellbeing, general wellbeing, and vitality

Bristol Stool Form Scale

From type 1 to type 7
(type 1-2 indicates constipation,
Stool consistency type 3—4 indicates ideal stools, type [15]
5-7 indicates diarrhoea or severe
diarrhoea)
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2.3. Quality Assessment and Assessment of Risk of Bias

Two reviewers (MMC and MCV) assessed the quality of each randomized controlled
trial (RCT) using the previously validated 5-point Jadad scale [16]. Studies with scores of 3
or more were considered of high quality. In addition, the risk of bias in each study and the
risk of bias across all studies were evaluated and shown with figures generated by RevMan
5.4.1 software [17]. Judgements were classified as “low risk of bias”, “unclear risk of bias”,
or “high risk of bias”. In addition, the work has been reported in line with PRISMA and

AMSTAR guidelines.

2.4. Data Synthesis and Statistical Analysis

Continuous variable data were measured with MD or standardized mean difference
(SMD). Using the Ph (p value for heterogeneity) value and I? statistic, which range from 0%
to 100%, to quantify the influence of heterogeneity across studies, the chi-square-based Q
statistical test [18] was used. A 50% (Ph) and 75% (I2) threshold were used for significant
and noteworthy heterogeneity. A random-effects model was used to estimate pooled
data [19], while Ph < 0.10 was considered to denote significant heterogeneity [20]. If pooled
results with 95% CI did not overlap with 1 or pooled MDs with 95% CI did not overlap
with 0, the effects of the outcome measures were considered statistically significant.

Subgroup analyses were also performed to investigate heterogeneity and to explore
the effects of probiotic dose, supplementation format, and duration. For subgroup analyses,
a p-value of <0.1 was considered statistically significant.

In the meta-analyses, the data show the differences between the score after the sup-
plementation and before it started. Hence, data are discrete and vary from a minimum
of -5 to a maximum of 5. A positive value x, between 1 and 5, means that the subject
undergoing probiotic integration observed an improvement (Imp.) in their condition of
x classes. Analogously, a value x between —5 and —1, means the subject has worsened
by Ix| classes (Wor.). Finally, a null value means an unchanged condition (Unc.). To
evaluate these data, the authors consider: the mean obtained with probiotics uPB; the mean
obtained with placebo pl; the probability of observing an improvement with probiotics or
placebo ¢FB+, $P1+; the probability of observing a worsening with probiotics or placebo
$PB~, ¢PL~; and the probability of seeing no changes with probiotics or placebo $FB=,
¢PL=. The 95% CI, the mean, the sampled SD, the difference of means, and the difference of
proportions (Diff.), were evaluated between probiotic and placebo groups. The probability
that the mean is greater than 1 (PM > 1) as an indicator of the percentage of individuals
having an improvement of at least one class was calculated.

3. Results
3.1. Characteristics, and Quality Assessment of Included Studies

The research method produced 105 citations, but only 28 published scientific papers
were found to be relevant and were further evaluated. Out of these 28, 6 publications with
1125 participants were defined eligible and were included in the meta-analyses (Figure 1).
The clinical trials (Cecchini et al., 2016; Coman et al., 2017, Coman et al., 2023; Silvi et al.,
2014; Verdenelli et al., 2011a; Verdenelli et al., 2011b) [12,13,21-24] which assessed the
SYNBIO® blend were found. Figure 1 provides a summary and the procedure of the
research, while Table 3 contains the list of the studies” additional features.
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105 records 1 additional record
identified through identified through
database searching other sources

I |
!

|62 records after duplicates removed ’

34 records excluded by
‘ 62 records screened | titles and abstracts

22 full-text articles excluded:

6 for not relevant outcomes

28 fulktest. articles 4 for other clinical trial applications

assessed for eligibility

12 for in vitro studies

|e studies included in qualitative synthesis |

‘6 studies included in quantitative synthesis (meta-analysis) ’

Figure 1. PRISMA flow diagram of literature search and selection of included studies in the systematic
review (for the meta-analysis).

Based on the established standards, every RCT was of high quality and had a Jaded
score > 3. Furthermore, the RCT’s risk of bias was assessed separately for each trial
(Figures 2 and 3). Overall, good methodological quality was shown by the risk of bias
analysis. Regarding random sequence generation (selection bias) and performance bias, all
RCTs demonstrated a low risk of bias. The main areas where unclear bias risk was noted
were in attrition, detection, and other biases. None of the studies had any category ranked
as high risk of bias.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 7a%  100%

.Luwrisk ofhiag DUnclearrisk of bias .Highrisk ofbiag

Figure 2. Risk of bias: review authors’ judgements about each risk of bias item presented as percent-
ages across all included studies.
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Table 3. Characteristics of clinical trials of SYNBIO® blend vs. placebo on bowel habits and PGWBI.

Sample Size (% Female) ﬁge (Y:Ear]s)) Intervention Outcomes

Study, Year . ean = S Comparator .
Study Design Included in
(Ref) Probiotic Placebo Probiotic Placebo Dose Duration (Dose) Meta-Analvsi

Total Type . Form eta-Analysis
Group Group Group Group (CFU/Daily) (Weeks)

Verdenelli Double blind, ® . . Intestinal
etal,2011a randomized, parallel, 47 24 (60) 23(48) 299+78  302+74 S‘;TBI(? 1.0 x 10° Pr;’(‘)’;g“c 12 Foi‘ig‘i’:ti‘;m wellbeing and
[12] placebo-controlled en p PGWBI

Verdenelli Double blind, ® . Placebo Intestinal
etal,2011b randomized, parallel, 153  77(57)  76(55)  354+49 347483 S’;TBI(? 1.0 x 10° SuD“iZ?;yent 12 capsulesof  wellbeing and
[13] placebo-controlled en 143 maltodextrin PGWBI
o Double blind, ® . Placebo Intestinal
ggﬁaet[zall] randomized, parallel, 421 208 (56)  213(55) 441+14  440+12 S’;TBI(? 1.0 x 10° SuD“ﬁ;yent 12 capsulesof  wellbeing and

placebo-controlled en PP maltodextrin PGWBI
o Double blind, ® . . Intestinal
ggﬁ;t[;l] randomized, parallel, 427 217(54)  210(57) 450+09 440409 S’;TBI(? 1.0 x 10° Pr;’:;z“c 12 Foi‘ig‘i’:ti‘;m wellbeing and
placebo-controlled en P PGWBI
Cecchini Single arm, open ® . Intestinal
etal,2016  label controlled 30 30 (40) 0 235+ 8.7 - S’;TBI(? 15 x 1010 SuD“ﬁ;yent 2% - wellbeing and
[22] towards the baseline en PP PGWBI
Coman Double blind, ® . . Intestinal
etal, 2017  randomized, parallel, 10 5 (60) 5(80) 300+129 266442 S’;TBI(? 1.0 x 10° Pr;’:;g“c 4 Foi‘ig‘i’:ti‘;m wellbeing and
[23] placebo-controlled en P PGWBI
Coman Double blind, ® . Placebo Intestinal
etal, 2023 randomized, parallel, 37 19 (32) 18 (39) 46.6 + 3.0 443+1.8 S\;SI;IBI(? 1.5 x 1010 suDli::I?ént 4 capsules of wellbeing and
[24] placebo-controlled en PP maltodextrin PGWBI

CFU: Colony Forming Units; Intestinal wellbeing: constipation, intestinal regularity, stool volume and consistency, ease of defecation, bloating, flatulence, feeling of incomplete

defecation, abdominal pains, intestinal cramps; PGWBI: Psychological General Well-Being Index.
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Blinding of outcame assessment (detection bias)

Incomplete outcome data dattrition bias)

[x]
® O O O B | O |scekctereporting reporting bias)
[x]

Cther bias

=

Cecchini 2016
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L]
-~
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Cornan 2017 @
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Verdenelli 2011k

Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each
included study (green with plus mark—low risk of bias, yellow with question mark—unclear risk of
bias, red with an x—high risk of bias) [12,13,21-24].

3.2. Studies Using SYNBIO® Blend Pertinent to the Meta-Analyses

The probiotic blend was used in 6 clinical trials (Cecchini et al., 2016; Coman et al., 2017,
Coman et al., 2023; Silvi et al., 2014; Verdenelli et al., 2011a; Verdenelli et al., 2011b) [12,13,21-24].
In one of them (Cecchini et al., 2016) [22] only the results from the probiotic group were
included in the meta-analyses, since there was no placebo group in this trial. On the other
hand, one published paper (Silvi et al., 2014) [21] was analysed as two separate studies since
the publication included two independent and identically designed clinical studies, one
with the SYNBIO® blend delivered as a dietary supplement in capsules, (referenced as Silvi
et al.,, 2014a [21]) and the other with the SYNBIO® blend delivered as probiotic-enriched
foods (referenced as Silvi et al., 2014b [21]), while each study had its own independent
placebo group.

3.3. Effect of SYNBIO® Blend on Overall Constipation

Six clinical trials were selected for overall constipation data analysis, with a total of
550 subjects assigned to probiotic groups, and 545 subjects to the placebo groups.

The pooled data analysis indicated that probiotics significantly improved constipation
score by 0.75 (95% CI: 0.31 to 1.19; p = 0.0008) (Figure 4). The random-effects analysis
identified significant heterogeneity across studies for this parameter (Ph < 0.00001 and
12 = 91%).
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Probiotic Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Werdenelli etal. 2011a 012 0.33 24 012 033 23 18.3% 0.00[0.19,0.19] 2011 -
Werdenelli etal. 2011h 068 1.25 77 -0.33 1.08 76 16.7% 1.01 [0.64,1.38] 2011 —
Silvi et al. 20143 1.3 206 208 022 1M 213 17.3% 1.08 [0.77,1.39] 2014 -
Silvi et al. 2014k 1 195 217 02 085 210 17.5% 0.80[0.51,1.09] 2014 -
Comanetal. 2017 085 04 ] o o1 5 15.8% 0.85[0.40,1.30] 2017 —
Coman etal. 2023 0rs 1.1 19  -01 0.3 18 14.5% 0.85[0.29,1.41] 2023 ——
Total (95% Cl) 550 545 100.0% 0.75[0.31,1.19] -
Heterogeneity: Tau®=0.27, Chi*= 5547, df= 5 (P < 0.00001); F=91% 54 52 5 é i

Testfor overall effect 2= 3.34 (P = 0.0008)

Favours Placebo Favours Probiotic

Figure 4. Forest plot comparing probiotic and placebo groups in term of overall constipation
(n =1095), considering a 10-point combined Likert scale (—5, 0, +5). Values calculated as mean
differences (95% Cls) using a random-effects model. CI: confidential interval; IV: inverse variance; SD:
standard deviation (green square indicates the effect and the weight assigned to the study; horizontal
line depicts the confidence interval; black rhombus shows the overall result) [12,13,21,23,24].

Table 4 makes it evident that SYNBIO® blend consumption improved overall consti-
pation in all studies, and in particular in Silvi et al. (20014a) [21], Silvi et al. (2014b) [21],
and Coman et al. (2023) [24], with an average recorded improvement of 1.30, 1.00, and
1.21, respectively. These changes correspond to an improvement in constipation symptoms
of at least one class in 95% of individuals consuming the SYNBIO® blend. In fact, at the
95% confidence interval, in Silvi et al., 2014a [21] for example, the probability of having a
mean improvement of at least one class (PM > 1) is 0.98. Moreover, 52% of the sampled
individuals improved their health status in terms of constipation (Imp.), 33% of the sampled
individuals remained unchanged (Unc.), and 15% had symptoms which worsened (Wor.).

Table 4. Effects of SYNBIO® blend on overall constipation.

Overall Constipation

Studies PB PB+ PB= PB—
Probiotic Groups s i b ¢ PM>1
Mean SD N. of Subjects CI % Imp. % Unc. % Wor.
Verdenelli et al., 2011a [12] 0.12 0.33 24 [—0.02; 0.26] 12 88 0 0.00
Verdenelli et al., 2011b [13] 0.68 1.25 77 [0.39; 0.96] 31 68 1 0.01
Silvi et al., 2014a [21] 1.30 2.06 208 [1.02; 1.58] 52 33 15 0.98
Silvi et al., 2014b [21] 1.00 1.95 217 [0.74; 1.25] 46 37 17 1.00
Cecchini et al., 2016 [22] 0.40 0.40 30 [0.25; 0.54] 20 80 0 0.00
Coman et al., 2017 [23] 0.85 0.50 5 [0.41; 1.29] 20 80 0 0.00
Coman et al., 2023 [24] 1.21 0.57 19 [0.18; 1.31] 35 65 0 0.18

pPB—mean of score changing obtained with probiotics; ¢pFB*—probability of having an improvement (Imp.) with
probiotics; ¢pTB~—probability of having a worsening (Wor.) with probiotics; ¢'P=—probability of having no
changes with probiotics (Unc.—unchanged), expressed as percentages; PM > 1—probability of having a mean
improvement of at least one class.

Table 5 shows the effects of probiotic and placebo supplementation on constipation. In
all the studies, the probability that the probiotic (¢"B*) improves constipation is higher or
equal to that of the placebo (¢pF™). In addition, individuals taking the SYNBIO® blend had
a lower probability of worsening or unchanged constipation symptoms (¢~ < ¢~ and
$PB= < ¢P'L=, respectively). The computed 95% Cls show a clear positive effect in favour of
SYNBIO® blend supplementation, except a few cases with similar effects (Verdenelli et al.,
2011a [12]; Coman et al., 2017 [23]).
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Table 5. Comparison between SYNBIO® blend and placebo effects on constipation.
Probiotic Placebo Differences of Proportions
Constipation Numberof ®PB*  ¢FB=  &PB—  Numberof ¢FY P pPL- HPBH_HPL* PB=_pPL= HPB——pPL-
Subjects Imp. Unc. Wor Subjects Imp. Unc. Wor. Imp. CI Unc. CI Wor. CI
Verdenelli et al., 2011a [12] 24 0.12 0.88 0.00 23 0.12 0.88 0.00 0.00 [-0.18;0.18] 0.00 [—0.18;0.18] 0.00 [0.00; 0.00]
Verdenelli et al., 2011b [13] 77 0.31 0.68 0.01 76 0.05 0.75 0.20 0.26 [0.14; 0.37] -0.07 [—0.21; 0.07] -0.19 [-0.27; —0.09]
Silvi et al., 2014a [21] 208 0.52 0.33 0.15 213 0.26 0.58 016 026 [0.17; 0.35] —-0.25 [-0.34;,-0.15] —0.01 [-0.08; —0.06]
Silvi et al., 2014b [21] 217 0.46 0.37 0.16 210 0.31 0.45 0.23 0.15 [0.05; 0.23] —0.08 [-0.16; —0.02] —0.07 [—0.14; 0.01]
Cecchini et al., 2016 [22] 30 0.20 0.80 0.00
Coman et al., 2017 [23] 5 0.20 0.80 0.00 5 0.20 0.80 0.00  0.00 [—0.50;0.50] 0.00 [—0.50; 0.50] 0.00 [0.00; 0.00]
Coman et al., 2023 [24] 19 0.35 0.65 0.00 18 0.00 0.90 010 035 [0.14; 0.56] —0.25 [-0.50;0.00] —0.10  [-0.23;0.03]
¢PB+. ¢PL+

—probability of having an improvement (Imp.) with probiotics or placebo; ¢TB~. $PL——probability of having a worsening (Wor.) with probiotics or placebo; ¢pFB=.
P y g p P p p P y g g P P
$PL=—probability of having no changes with probiotics or placebo (Unc.—unchanged).
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3.4. Effect of SYNBIO® Blend on Intestinal Regularity
The pooled analysis indicates that probiotics significantly improved the intestinal
regularity score by 1.90 compared to the placebo (95% CI: 1.02 to 2.78; p < 0.0001) (Figure 5).

The random-effects analysis identified significant heterogeneity in this parameter across
studies (Ph < 0.00001 and I? = 97%).

Probiotic Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
Werdenelli et al. 2011a 388 12 24 016 037 23 18.2% 3.72[3.22,422) 2011 —
Verdenelli etal. 2011h 0.52 085 FPO-017 116 76 18.9% 0.68[0.37,1.01] 2011 -
Silvi et al. 2014a 327 184 208 103 113 213 19.0% 2.24[1.97,2.51] 2014 -
Silvi et al. 2014h 345 14 M7 09 108 M0 191% 254 [231, 277 2014 -
Coman etal. 2017 26 241 ] 1.8 1.3 5 7.9% 0.80 [1.60,3.20] 2017
Coman et al. 2023 1.1 1.37 19 0.4 1.048 18 16.8% 0.70 [0.08,1.48] 2023 T
Total (95% CI) 550 545 100.0% 1.90 [1.02, 2.78] e
Heterogeneity: Tau®=1.04; Chi*=141.14, df =5 (P = 0.00001); F= 86% 54 52 ) é j‘

Testfor overall effect £=4.23 (P = 0.0001)
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Figure 5. Forest plot comparing probiotic and placebo groups for intestinal regularity (n = 1095),
considering a 10-point combined Likert scale (-5, 0, +5). Values calculated as mean differences
(95% Cls) using a random-effects model. CI: confidential interval; IV: inverse variance; SD: standard
deviation (green square indicates the effect and the weight assigned to the study; horizontal line
depicts the confidence interval; black rhombus shows the overall result) [12,13,21,23,24].

Table 6 highlights that SYNBIO® blend supplementation significantly improves intesti-
nal regularity with mean differences ranging between 1.10 and 3.88, which corresponds
to a mean improvement of the intestinal regularity from 1 to almost 4 classes from the
total 5. Except for Coman et al., 2017 [23], the percentage of individuals with significantly
improved intestinal regularity varies from 45% to 100%, whereas the percentage of sampled
individuals with unchanged intestinal regularity was 0% to 55%.

Table 6. Effects of the SYNBIO® blend on intestinal regularity.

Intestinal Regularity

Probisottlg1 iéioUPs W L o L PM>1
Mean SD N;;E:.):;:f CI % Imp. % Unc. % Wor.

Verdenelli et al., 2011a [12] 3.88 1.20 24 [3.39; 4.37] 100 0 0 1.00
Verdenelli et al., 2011b [13] 0.52 0.85 77 [0.33; 0.71] 32 68 0 0.00
Silvi et al., 2014a [21] 3.27 1.64 208 [3.05; 3.50] 91 8 1 1.00
Silvi et al., 2014b [21] 3.45 1.40 217 [3.27; 3.64] 94 6 0 1.00
Cecchini et al., 2016 [22] 1.90 0.50 30 [1.72; 2.08] 60 37 3 1.00
Coman et al., 2017 [23] 2.60 241 5 [—12.3;17.5] 60 40 0 0.89
Coman et al., 2023 [24] 1.10 1.37 19 [0.46; 1.74] 45 55 0 0.63

1B—mean of score changing obtained with probiotics; ¢pB*—probability of having an improvement (Imp.) with
probiotics; $pTB~—probability of having a worsening (Wor.) with probiotics; ¢'P=—probability of having no
change with probiotics (Unc.—unchanged); expressed as percentages; PM > 1—probability of having a mean
improvement of at least one class.

Table 7 shows the comparison of probiotic and placebo supplementation on intestinal
regularity. In all the studies, except Coman et al., 2017 [23], the probability of having
an improvement with the SYNBIO® blend ¢PB+ is higher than with placebo d)PL+, while
worsening of symptoms was negligible for the probiotic group ¢~ and no differences
were found between the probiotic and the placebo groups in the number of individuals that
had their scores for intestinal regularity unchanged ($TB= < ¢FL=). The computed 95% Cls
show a positive effect in favour of the SYNBIO® blend except in Coman et al., 2017 [23].
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Table 7. Comparison between the SYNBIO® blend and placebo supplementation effect on intestinal regularity.
Probiotic Placebo Differences of Proportions
Intestinal Regularity Numberof &3  &PB=  ¢PB~  Numberof $FH ¢Fl= PpPL- GPBH-pPL* GPB=-pPL= GPB—-pPL—
Subjects Imp. Unc. Wor Subjects Imp. Unc. Wor. Imp. CI Unc. CI Wor. CI
Verdenelli et al., 2011a [12] 24 1.00 0.00 0.00 23 0.16 0.84 0.00 084 [0.70; 0.98] —0.84 [—0.98; 0.70] 0.00 [0.00; 0.00]
Verdenelli et al., 2011b [13] 77 0.32 0.68 0.00 76 0.14 0.64 0.22 0.18 [0.05; 0.31] 0.04 [—0.12;0.18] —-022 [-0.30; —0.12]
Silvi et al., 2014a [21] 208 0.91 0.08 0.01 213 0.68 0.23 0.09 023 [0.16; 0.31] —0.15 [-0.22;0.09] —0.08 [-0.12; —0.04]
Silvi et al., 2014b [21] 217 0.94 0.06 0.00 210 0.61 0.35 0.04 0.33 [0.26; 0.41] -0.29 [-0.37, -0.23] —0.04 [—0.06; —0.01]
Cecchini et al., 2016 [22] 30 0.60 0.37 0.03
Coman et al., 2017 [23] 5 0.60 0.40 0.00 5 0.80 0.20 0.00 —0.20 [—0.75;0.35] 0.20 [—0.35; 0.75] 0.00 [0.00; 0.00]
Coman et al., 2023 [24] 19 0.45 0.55 0.00 18 0.25 0.70 0.05 020 [0.20; 0.49] —0.15 [-045;0.14] —0.05 [-0.15;0.05]
¢PB+. ¢PL+

$PL=—probability of having no changes with probiotics or placebo (Unc.—unchanged).

—probability of having an improvement (Imp.) with probiotics or placebo; $pFB~. ¢pPL~—probability of having a worsening (Wor.) with probiotics or placebo; ¢pTB=.
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3.5. Effect of SYNBIO® Blend on Stool Volume and Consistency

The random-effects analysis also highlighted that probiotic consumption, either as
dietary supplementation or probiotic-enriched foods, significantly increased the mean
score of stool volume and consistency by 1.18 and 0.59, respectively, compared to the
placebo (95% CI: 0.53-1.83; p = 0.0004 for stool volume, and 0.36-0.81; p < 0.00001 for
stool consistency), meaning that stools were softer with SYNBIO® blend supplementation
(Figure 6). Significant heterogeneity of both parameters was observed (Ph < 0.00001 and
12 = 94% for stool volume and Ph = 0.08 and I? = 52% for stool consistency). The Bristol
stool scale was the method used in all the studies for stool consistency monitoring.

Probiotic Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
werdenelli etal. 2011a 0.64 0.86 24 0z 0.4 23 18.8% 0.44 [0.06, 0.82] 2011 —
Werdenelli etal. 2011h 052 0.7 77 -017 1449 TE 19.2% 0.68[0.37,1.01] 2011 —
Silvi etal. 2014a 272 176 208 082 1.04 213 19.4% 1.80[1.62,2.19] 2014 =
Silvi etal. 2014k 27 1585 217 068 088 210 19.5% 202177, 2.27] 2014 -
Comanetal 2017 22 2.05 5 18 11 5 B.8% 0.40 [1.64, 2.44] 2017 I
Coman etal. 2023 115 1.39 19 0.1 0.64 18 16.4% 1.058[0.36,1.74] 2023 e
Total (95% CI) 550 545 100.0% 1.18[0.53, 1.83] -
Heterogeneity: Tau®= 0.55; Chi*= 8223, df= 5 (F = 0.00001}); F=94% _54 52 s é a:t
Test for overall effect: Z= 3.54 (P = 0.0004) Favours Placebo Favours Prabiotic

(A)

Probiotic Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Werdenelli etal. 2011h 0.53 0.58 77033 1.22 TH  22.4% 0.20 [F0.14,0.54] 2011 T
Silvi etal. 20143 1.2 1.03 208 05 095 213 345% 0.75[0.56, 0.94] 2014 =
Silvi etal. 2014k 1.15 1 217 045 1.2 210 327% 0.70[0.49, 0.91] 2014 -
Coman etal. 2017 22 148 5 16 2.18 5 059% 0.60 [1.72,2.92] 2017
Coman etal. 2023 0g 1.2 149 04 075 18 9.45% 050 F0.15,1.15] 2023 T
Total (95% CI) 526 522 100.0% 0.59 [0.36, 0.81] *
Heterogeneity: Tau®= 0.03; Chi*= 832, df= 4 (P = 0.08); F= 52% 54 52 5 é jl
Testfor overall effect 2= 5.14 (F < 0.00001) Favours Placebo Favours Probictic

(B)

Figure 6. Forest plot comparing probiotic and placebo groups for stool volume (A) and stool
consistency (B), considering a 10-point combined Likert scale (—5, 0, +5). Values calculated as mean
differences (95% Cls) using a random-effects model. CI: confidential interval; IV: inverse variance; SD:
standard deviation (green square indicates the effect and the weight assigned to the study; horizontal
line depicts the confidence interval; black rhombus shows the overall result) [12,13,21,23,24].

3.6. Effect of SYNBIO® Blend on Other Outcomes Related to Constipation

Table 8 shows the overall effect of SYNBIO® blend supplementation compared to
placebo on other outcomes related to constipation, such as ease of defecation, bloating,
abdominal pain, and intestinal cramping. The largest improvements were registered for
ease of defecation and bloating, with significantly higher values of 1.2 (95% CI: 0.64 to 1.77;
p <0.0001) and 0.69 (95% CI: 0.19 to 1.18; p = 0.006), respectively.

Table 8. Pooled analysis of the efficacy of the SYNBIO® blend for constipation in term of other
outcomes (ease of defecation, bloating, abdominal pain, and intestinal cramping).

Number of Number of Pooled Results
Outcomes . Subiect
Studies ubjects  MD 95% CI p Value  AEM
Ease of defecation 6 1095 1.20 0.64,1.77 <0.0001 REM
Bloating 5 1048 0.69 0.19,1.18 0.006 REM
Abdominal pain 5 1048 0.35 —0.02,0.71 0.07 REM
Intestinal cramping 5 1048 0.13 —0.03, 0.30 0.11 REM

MD: mean difference; CI: confidence interval; AEM: analytical effect model; REM: random-effects model.
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In addition, the meta-analyses show that the SYNBIO® blend improved the overall
severity of incomplete evacuation, and flatulence severity was close to statistical significance
(p > 0.05).

3.7. Effect of SYNBIO® Blend on Psychological General Well-Being Index (PGWBI)

Five clinical studies, including 1,048 subjects, reported PGWBI scores in both the
probiotic and placebo groups. Overall, SYNBIO® blend supplementation improved the
psychological general wellbeing of subjects when compared to the placebo group, with
an improved score effect of 8.46 (95% CI: 8.15 to 8.78; p < 0.00001), which translates to an
improved quality of life (Figure 7).

Probiotic Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Werdenelli et al. 2011h 8.3 225 77 805 259 76 12.5% 7.80[7.03 8.587] 2011 -
Silvi etal. 2014a a1.7 2 208 733 02 M3 353% 8.40108.13, 8.67] 2014 L]
Silvi etal. 2014h 821 1.8 217 T34 04 210 39.8% 8.70[8.449, 8.91] 2014 u
Coman etal. 2017 TBA 07 5 BT4 118 5  BI% 910[7.91,10.28] 2017 -
Coman etal. 2023 841 1.6 19 761 2 18 B.3% 5.00[6.83,8.17F] 2033 -
Total (95% CI) 526 522 100.0% 8.46 [8.15, 8.78] L]
Heterogeneity: Tau®=0.05; Chi*=8.50, df=4 (P =0.07); F=53% T a0 b 10 a0

Test for overall effect 2= 52.52 (P =< 0.00001)

Favours Placebo Favours Probioic

Figure 7. Forest plot comparing probiotic and placebo groups for PGWBI (n = 1048), considering the
global score ranged from 0 to 100 (best). Values calculated as mean differences (95% Cls) using a
random-effects model. CI: confidential interval; IV: inverse variance; SD: standard deviation (green
square indicates the effect and the weight assigned to the study; horizontal line depicts the confidence
interval; black rhombus shows the overall result) [13,21,23,24].

3.8. Response to SYNBIO® Blend Supplementation—The Effect of Dose, Form, and Duration

The data analysis indicates a slightly but not significantly higher benefit of SYNBIO®
blend supplementation on overall constipation when consumed in a dose of 1.5 x 10'° CFU
or 1.0 x 10° CFU (0.75, 95% CI: 0.31-1.19; p = 0.77) (Figure 8).

Probiotic Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
8.1.1 Dose 1.0E+08 CFU
werdenelli et al. 2011a 012 0.33 24 012 033 23 18.3% 0.00 [-0.19,0.18] 2011 -
werdenelli et al. 20110 068 1.25 T7 -0.33 1.05 76 16.7% 1.01 [0.64,1.38] 2011 —
Silvi etal. 2014b 114895 217 02 085 210 175% 0.80[0.51,1.08] 2014 -
Silvi etal. 2014a 1.3 206 208 022 101 M3 17.3% 1.08[0.77,1.39] 2014 -
Coman etal 2017 085 04 ] o 01 5 15.8% 0.85[0.40,1.30] 2017 —
Subtotal {95% CI) 531 527 85.5% 0.74 [0.24,1.23] <
Heterogeneity: Tau®=0.28; Chi®=54.20, df= 4 (P = 0.00001); F= 93%
Test for overall effect 2= 2.92 (P =0.003)
8.1.2 Dose 1.5E+10 CFU
Coman etal 2023 0rs 1.21 19  -01 0.3 18 14.5% 0.85[0.29,1.41] 2023 —
Subtotal {95% CI) 19 18 14.5% 0.85 [0.29, 1.41] e
Heterageneity: Mot applicable
Test for overall effect 2= 2.96 (P =0.003)
Total (95% Cl) 550 545 100.0% 0.75[0.31,1.19] D

Heterogeneity: Tau®= 0.27; Chi*= 55.47, df= 5 (F < 0.00001); F= 91%
Test for averall effect: 2= 3.34 (P = 0.0008)

=t

Favours Placebo

=1

]
Favours Probiotic

Test for subaroup differences: Chi*= 009, df=1 {P=077, F=0%

Figure 8. Forest plot comparing probiotic and placebo groups on constipation (1.0 x 10° and
1.5 x 1010 CFU/ daily dose, n = 1095), considering a 10-point combined Likert scale (=5, 0, +5).
Values calculated as mean differences (95% ClIs) using a random-effects model. CI: confidential
interval; IV: inverse variance; SD: standard deviation (green square indicates the effect and the weight
assigned to the study; horizontal line depicts the confidence interval; black rhombus shows the
overall result) [12,13,21,23,24].

Moreover, the benefit of SYNBIO® blend supplementation on overall constipation
compared to placebo was not significantly different when consumed as a dietary supple-
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ment or as probiotic-enriched foods (p = 0.15), although the dietary supplements resulted
in a higher MD (1.02; 95% CI: 0.80 to 1.24; p < 0.00001) than probiotic-enriched foods (0.53;
95% CI: —0.09 to 1.15; p = 0.09) (Figure 9).

Probiotic Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
9.1.1 Dietary supplement
Werdenellietal. 2011k 068 125 77 -0.33 105 76 16.7% 1.01 [0.64,1.38] 2011 —
Silvi et al. 20143 1.3 206 208 022 101 213 17.3% 1.08 [0.77,1.39] 2014 =
Coman etal. 2023 0rs 1.21 19  -01 031 18 145% 0.85[0.29,1.41] 2023 ———
Subtotal (95% CI) 304 307  48.4% 1.02 [0.80, 1.24] L 2

Heterogeneity: Tau®= 0.00; Chi*=0.50, df=2 (P=0.78); F=0%
Testfor overall effect: Z=9.16 (P = 0.00001}

9.1.2 Probiotic foods

verdenelli etal. 2011a 012 033 24 012 033 23 18.3% 0.00[F019, 019 201 e
Silvietal 20140 1185 27 02 085 2110 17.5% 0.e0([0s1,1.09] 2014 -
Coman etal. 2017 085 05 ] oo0i 5 15.8% 0.85[0.40,1.30] 2017 —
Subtotal (95% CI) 246 238 51.6% 0.53 [-0.09, 1.15] o

Heterogeneity: Tau®= 0.27, Chi®= 26.97, df= 2 (P = 0.00001); F=93%
Test for overall effect: £=1.68 (F = 0.05)

Total {95% CI) 550 545 100.0% 0.75[0.31, 1.19] -
Heterogeneity: Tau®= 0.27, Chi®= 6547, df= 5 (P = 0.00001); F= 91% 54 52 b
Test for overall effect: £= 3.34 (P = 0.0008) Favours Placebo Favours Probiotic
Testfor subgroup differences: Chi*= 212, df=1 (P =018), F= 52.8%

PN

Figure 9. Forest plot comparing probiotic and placebo groups on overall constipation delivered as
dietary supplements or probiotic-enriched foods, n = 1095), considering a 10-point combined Likert
scale (—5, 0, +5). Values calculated as mean differences (95% Cls) using a random-effects model. CI:
confidential interval; IV: inverse variance; SD: standard deviation (green square indicates the effect
and the weight assigned to the study; horizontal line depicts the confidence interval; black rhombus
shows the overall result) [12,13,21,23,24].

Regarding the supplementation duration, no significant differences were found be-
tween 4 weeks and 12 weeks (p = 0.69) (Figure 10).

Probiotic Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
10.1.1 4-weeks
Coman etal. 2017 n0.as 05 5 001 5 158% 0.85[0.40,1.30] 2017 —
Coman et al. 2023 0.ys 1.21 19 -01 0.3 18 14.5% 0.85[0.29,1.41] 2023 —
Subtotal (95% CI) 24 23 30.3% 0.85 [0.50, 1.20] <

Heterogeneity: Tau®= 0.00; Chi®=0.00, df=1 (P =1.00);, F= 0%
Test for averall effect 2= 476 (P = 0.00001)

10.1.2 12-weeks

Yerdenellietal 20113 012 033 24 012 033 23 18.3% 000019, 0149 2011 T
Werdenelli etal. 2011h 0.68 1.25 77 -033 1.05 76 16.7% 1.01[0.64,1.38] 2011 —
Silvietal. 20143 1.3 206 208 022 101 213 17.3% 1.08[077,1.29] 2014 -
Silvi et al. 2014h 1185 N7 0.2 0895 210 175% 0.80[0.51,1.09] 2014 -
Subtotal (95% CI) 526 522 69.7% 0.71[0.13,1.29] -

Heterogeneity: Tau®= 0,33, Chi®= 51.89, df= 3 (P = 0.00001); F= 94%
Test for overall effect: 2= 241 (P =0.02)

Total (95% Cl) 550 545 100.0% 0.75[0.31,1.19] <
Heterogeneity, Tau®= 0.27; Chi®= 85.47, df=5 (P = 0.00001); F=91%
Test for overall effect: £= 3.34 (P =0.0008)

Test for subgroup differences: Chi*= 016, df=1 (P = 0.69), F= 0%
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Figure 10. Forest plot comparing probiotic and placebo groups on overall constipation depending
on treatment duration (4 weeks and 12 weeks) (n = 1095), considering a 10-point combined Likert
scale (=5, 0, +5). Values calculated as mean differences (95% Cis) using a random-effects model. CI:
confidential interval; IV: inverse variance; SD: standard deviation (green square indicates the effect
and the weight assigned to the study; horizontal line depicts the confidence interval; black rhombus
shows the overall result) [12,13,21,23,24].

3.9. Adverse Events with Probiotics

No adverse events were reported in any of the studies analysed in the present review,
neither in the probiotic nor the placebo groups.
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In the studies where SYNBIO® probiotic-enriched foods were used [13,21,23], the
study products were rated as “good” or “very good” by subjects.

4. Discussion

The present systematic review and meta-analysis shows that the SYNBIO® blend is
significantly effective in improving constipation, in terms of statistically significant im-
provement in intestinal regularity, stool frequency, stool volume and consistency, ease of
defecation, bloating, abdominal pain, and intestinal cramping scores. It is evident that the
SYNBIO® blend ameliorates constipation in otherwise healthy people, through several
mechanisms which significantly shorten gastrointestinal transit, and increase stool fre-
quency, thus improving also stool consistency and the other factors related to constipation.

One of the main strengths of this systematic review and meta-analysis is the use of
a rigorous and appropriate methodology, which is in line with the standards set by other
recent reviews and meta-analyses [1,25-27] using comparable methodological techniques.
The strict standards for research selection, data extraction, and analysis process followed in
this review guarantee the reliability and reproducibility of its findings, providing robust
conclusions. This methodological rigor increases the analysis’s overall quality and reduces
biases, making the results more credible and comparable to other high-quality research in
the field. The eligibility assessment and data extraction were carried out independently and
in duplicate. To reduce the probability that the probiotic supplementation effect would be
overstated, the data were pooled using a random-effects model. Additionally, the probiotic
supplementation effects based on dosage, type, and duration, were evaluated. The primary
goal of the present meta-analysis and all of these methodological elements make this review
unique and original.

The present findings are in line with current evidence, meta-analyses and systematic
reviews highlighting that in general, probiotics have significant, however limited, effects
on gastrointestinal symptoms of which constipation is included [1,4,27]. However, future
research should indeed focus on examining several variables to broaden the relevance and
applicability of findings across diverse groups, including subjects suffering from acute
(short-term) or chronic (long-lasting) constipation and stratified by age (age-related changes
in gut microbiota), gender (hormonal differences), and race (genetic diversity across racial
groups), considering also lifestyle factors (diet, physical activity) and medical history. The
present systematic review and meta-analysis has some limitations which arise from the type
of the studies involved in the synthesis. Limitations consist also in not including objective
data on fibre intake in the studies, recognizing that fibre is a well-established contributor
to gut health. However, highlighting other key dietary components (such as fatty acids,
phytochemicals, and vitamins) can provide a more comprehensive understanding of factors
influencing gut health. By including all these components, future studies could offer a more
comprehensive view of how diet influences gut microbiota and metabolism, potentially
leading to more effective dietary interventions for gut health.

Furthermore, the current statistical results also imply that the SYNBIO® blend may
be beneficial, even if not substantially, for those people experiencing symptoms such as
incomplete evacuation and flatulence, which impact more than 50% of individuals with
constipation [28].

On the other hand, no discernible variations regarding the supplementation type and
duration were found, in line with evidence reported in another similar meta-analysis [29].
Regarding the SYNBIO® blend dosage, some parameters analysed were more prominent at
1.5 x 10'9 CFU/day compared with 1.0 x 10° CFU/day, although not significant.

Current research demonstrates that the gut microbiota composition plays a crucial
role in both the aetiology and management of functional constipation. When compared
to healthy subjects, constipated individuals had lower abundance of Bifidobacteria and
Lactobacilli and higher numbers of Bacteroidetes [4,30-32]. The studies considered in the
present meta-analyses demonstrated that the SYNBIO® blend modulates the gut microbiota
composition, significantly increasing the abundance of beneficial bacteria groups (Lacto-
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bacilli and Bifidobacteria) and decreasing bacteria generally associated with dysbiosis and
diseases (Bacteroidetes, Clostridium, and Enterobacteriaceae) [12,13,21-24]. Also, Ding and
co-workers [26] reported that a probiotic supplementation represented a proactive effort
towards helping people with constipation restore their gut structural imbalance. Some
microorganisms, such as Lactobacilli and Bifidobacteria, essential for a healthy gut function,
break down indigestible foods and produce metabolites like serotonin and short-chain
fatty acids that stimulate the motility of the stomach. It is speculated that increased SCFA
content can restore normal gut motility, which is considered one of the main mechanisms
of action of probiotics for constipation improvement [29,32-35]. In this regard, several
studies confirmed the capacity of the SYNBIO® blend to increase acetic, propionic, and
butyric acids in the gastrointestinal environment, which are directly related to beneficial
effects on the intestinal wellbeing of the host [36-38]. However, several studies that show
improvements in constipation-related outcomes do not report changes in SCFAs [31,33,39],
suggesting that this is not the only mechanism behind constipation alleviation by probiotics.

The immune system is known to affect gut motility and there is growing evidence that
many individuals that report constipation also have low-grade inflammation [29,31-33,35].
The SYNBIO® blend, taken either as enriched foods or dietary supplements, have shown to
reduce different parameters of inflammation (e.g., sIgA, hsCRP) and counteract inflamma-
tory processes in humans [23,24,37].

Indeed, by targeting gut motility, microbiota composition, and inflammation, probi-
otics have the potential to impact the pathophysiological causes of constipation through
several important pathways [29,31,35]. Recent clinical research indicates that probiotics
can effectively cure constipation, resulting in notable enhancements in gastrointestinal
regulatory peptides, neurotransmitters, neurotrophic factors, and gut microbiota composi-
tion [32,40]. Also, according to Yan and co-workers [35], consuming probiotics increased
the frequency of stools, reduced bloating and gastrointestinal discomfort, and enhanced the
individuals” overall quality of life. The findings of the present review and the clinical trials
analysed are in line with the evidence present in the literature [1,4,5,31,33,35]. In summary,
the potential mechanisms of probiotics” action on constipation, effectively reducing its
incidence, include: (I) lowering the pH in the gut, stimulating digestive enzyme production,
and facilitating food breakdown and absorption; (II) promoting gut motility, facilitating
food’s fast passage through the gut, and minimizing the incidence of constipation; (III)
modulating the gut microbiota, increasing the abundance of beneficial bacteria, and inhibit-
ing the growth of harmful bacteria; and (IV) promoting water absorption in the gut, making
faeces soft and easy to pass, and minimizing the incidence of constipation [25,29,31,32].

Probiotics are becoming more and more popular as a new alternative approach for con-
stipation management due to their positive impact on quality of life and potential reduction
of symptoms associated with constipation. However, there are still conflicting data about
the efficacy of probiotics; certain strains seem to have positive effects, while others appear
negligible. This emphasizes that probiotic effects may vary depending on the strain, and
that in order to develop future clinical recommendations for probiotic use in constipation,
each strain must be tested in high-quality research clinical trials using standardized and
validated assessment protocols, as also reported in the literature [29,31,32,35,41]. This,
together with the increasing use of probiotics for constipation, suggests that the general
public needs to be made aware of the present status of the research findings on probi-
otics for constipation through clear and correct communication. Probiotics (including the
SYNBIO® blend) offer a promising long-term approach without any side effects compared
to laxatives, but act slowly and may not be as effective on the subjects in the same way.
Combining probiotics with dietary fibre could enhance outcomes, while laxatives should be
reserved for acute cases or specific medical conditions where rapid relief is required, under
clinical recommendations. Healthcare professionals should be informed /educated about
the importance of probiotic usage among the general public as well as the strain-specificity
of its effects.
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5. Conclusions

Overall, the SYNBIO® blend reduces the severity of constipation, through intestinal
regularity and other integrative symptoms. The statistical evaluation of several clinical
trials supports the use of the SYNBIO® blend for improvement in ease of defecation and ab-
dominal pain, intestinal cramping, and stool frequency, significantly benefiting the general
wellbeing status of individuals. The SYNBIO® blend may be a suitable natural substitute
for conventional treatment methods for constipation, like dietary fibres or laxatives, which
usually carry unpleasant side effects.
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