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ARTICLE INFO ABSTRACT

Keywords: Background: Helicobacter pylori is a common human infection, presenting in half of the world’s population. The
Synbiotics failure of the Helicobacter pylori eradication rate necessitates the assessment of new options. The aim of the
Beneficial microbes present meta-analysis was therefore to assess the role of synbiotics in Helicobacter pylori eradication therapy.
Helicobacter pylori

Methods: A comprehensive literature search was conducted using PubMed, Google Scholar, Scopus, and Web of
Knowledge up to June 2018 to identify all randomized controlled trials assessing the effect of synbiotics on the
treatment of Helicobacter pylori. A random-effects model was applied for pooling analysis to compensate for the
heterogeneity of included studies. The Cochrane Risk of Bias Tool was applied to assess potential bias risks.
Results: A total of 6 randomized controlled trials were found which assessed the effect of synbiotics on
Helicobacter pylori eradication rate. The pooled effect size of the intention-to-treat showed that synbiotics can
improve eradication rate (RR: 1.28; 95% CI: 1.15-1.43; I> = 0%). Also, common adverse events resulting from
antibiotics therapy were significantly reduced by adding synbiotics to conventional antibiotics treatments (RR:
0.47; 95% CI: 0.25-0.90; I> = 36%). However, no difference in eradication rate was observed from per-protocol
treatment between intervention and control groups (RR: 0.90; 95% CI: 0.69-1.16; I = 88%).

Conclusion: The present systematic review and meta-analysis suggested synbiotics might improve Helicobacter
pylori eradication rates, and reduce adverse effects. However, these findings assessed a low number of studies,
and further high-quality studies are needed to confirm these results.

Meta-analysis

1. Introduction line treatment until a few years ago.® Due to mutations of the H. pylori

genome and the consequent spread of antibiotic resistance,” the success

Helicobacter pylori (H. pylori) is a Gram-negative, microaerophilic
and spiral bacterium that affects more than half of the world’s popu-
lation." Infection with H. pylori is associated with a variety of clinical
presentations, from asymptomatic to serious diseases.> H. pylori colo-
nization can lead to the development of several upper gastrointestinal
conditions, including chronic gastritis, increased risks of peptic ulcer,
gastric cancer, and mucosa-associated lymphoid tissue lymphoma.**
Due to complications in H. pylori management, its eradication from the
gastric mucosa is required. Today, a combination of antibiotics is a
common treatment for H. pylori. Although several pharmacological
therapeutic methods have been proposed, the ideal scheme to manage
H. pylori remains unresolved.” A standard triple therapy, based on a
proton pump inhibitor, amoxicillin and clarithromycin, was the first-

of triple therapy in H. pylori eradication has declined over time, and
alternative first-line regimens, including sequential, concomitant,
quadruple with and without bismuth have been proposed.® However,
the current guidelines still have several limitations, and cannot be
considered ideal treatments.” The main problem in H. pylori treatment
with standard antibiotic regimens is related to low patient compliance,
due to antibiotic-associated adverse events such as diarrhea, nausea,
vomiting and abdominal pain.'’ In this regard, many researchers are
aiming to find a new strategy which can improve the eradication rate,
as well as alleviate the frequency of adverse effects.

Synbiotics are defined as combination of probiotics (“live micro-
organisms that, when administered in adequate amounts, confer a
health benefit on the host”)'! and prebiotics (“indigestible foods that
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Fig. 1. Flow chart of the process of the study selection.

lead to enhancement of probiotic bacteria colonization in the gut”),'”

which can act synergistically. Several documents have shown that some
probiotic lactobacilli have anti-H. pylori activity and inhibit H. pylori
colonization in gastric cell lines.'®'* In this line, the role of probiotics
alone, and in addition to conventional pharmacological therapy, has
been well-documented.'>'” As synbiotics and probiotics are different
in nature, and can lead to different results in health outcomes, re-
searchers have also investigated the possible effect of synbiotic addition
to H. pylori eradication treatments.'®?° However, these results have
been controversial, and remain inconclusive.?’** Therefore, the pre-
sent meta-analysis was conducted to summarize the clinical evidence
and to assess the role of synbiotics in H. pylori eradication therapy.

2. Methods

To improve the quality of the meta-analyses, the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)>*
was followed as a standard guideline.

2.1. Search strategy

A comprehensive literature search of PubMed (http://www.ncbi.
nlm.nih.gov/pubmed), Google Scholar (http://scholar.google.com),
Scopus (http://www.scopus.com) and Web of Knowledge (http://www.
webofscience.com) was carried out up to June 2018 to identify ran-
domized clinical trials (RCTs) evaluating the effects of synbiotics sup-
plementation on H. pylori eradication. The following keywords in
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combination with the wild-card ‘** and Medical Subject Heading
(MeSH) terms were used: ‘synbiotic’, ‘symbiotic’, ‘H. pylori,
‘Helicobacter pylori’, and ‘Campylobacter Pylori’. No language restric-
tions were imposed. Additionally, the reference lists of relevant pub-
lications were also checked manually to detect extra eligible studies
that might have been missed.

2.2. Study selection

Two reviewers (AH and MP) independently assessed publications by
title/abstract to select studies which were potentially relevant. Next,
the full-texts were screened by two reviewers in blinded fashion to
detect eligible papers. Any disagreement was resolved by discussion. All
RCTs examining the effect of synbiotics on H. pylori eradication were
included. Studies were excluded if participants had major gastro-
intestinal surgery or did not describe study inclusion/exclusion criteria.

2.3. Data extraction and risk of bias assessment

Eligible studies were reviewed by two researchers (AN and AH)
independently, and the following data were abstracted: first author’s
last name, year of publication, study location, sample size, mean age of
subjects, diagnostic and recheck method, duration of study, comparison
groups, type of intervention and main outcome. Any disagreement was
resolved by a third author (MP). Furthermore, unclear information in
the included studies was queried by email with the relevant corre-
sponding authors.


http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://scholar.google.com
http://www.scopus.com
http://www.webofscience.com
http://www.webofscience.com
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The Cochrane Risk of Bias Tool was applied to assess potential risks
of bias in the included RCTs.?® This scale is based on several items to
assess the adequacy of random sequence generation, allocation con-
cealment, and blinding, as well as detecting incomplete outcome data,
selective outcome reporting, and other potential sources of bias. Based
on the recommendations of the Cochrane Handbook, the judgment of
each item appears categorized as “Low”, “High” and “Unclear” risk of
bias.

2.4. Statistical analysis

The meta-analysis was performed by using the Cochrane Program
Review Manager Version 5.3 (The Cochrane Collaboration, 2011, The
Nordic Cochrane Centre, Copenhagen) and STATA version 11. In all
included studies, relative risk (RR) and 95% CI was calculated for the
incidence of H. pylori eradication and medication side effects. The
random-effects model was applied for pooling analysis to compensate
for the heterogeneity of included studies.”>*° Inter-study heterogeneity
was explored quantitatively by using Cochran’s Q and I? statistics. In
this regard, > =50% or P < 0.05 was considered as indicating the
presence of significant heterogeneity.?” Number needed-to-treat (NNT)
was also assessed, on the basis of the pooled risk ratio and the baseline
risk.?® Potential publication bias was detected using Egger’s weighted
regression test and Begg's rank-correlation methods.>**° Statistical
significance was accepted at the level of P-values < 0.05.

3. Results

The study selection process and the reason for excluding studies at
each step are reported in detail in Fig. 1. The comprehensive literature
search identified unduplicated 295 records, of which 286 publications
were excluded due to irrelevant title/abstract. 9 studies remained for
full-text assessment. Of those, 3 RTCs were discarded because synbio-
tics were not reported in terms of H. pylori eradication, and/or they
were review articles. Finally, 6 RTCs were deemed eligible and included
in quantitative analysis.

4. Studies’ characteristics

Table 1 shows the main characteristics of the included RCTs. In
brief, data were pooled from 6 studies comprising 525 H. Pylori-infected
patients. 3 studies enrolled patients under 18 years old, and rest of them
included participants aged between 18 and 85. All studies had parallel
design and recruited both genders as subjects. 4 RTCs '®'%?%%? re.
ported outcomes as both per-protocol (PP) and intention-to-treat (ITT),
whilst one study”' analyzed data just as PP. Also, one study”® did not
have any drop-out rate, and was included as ITT. 4 RCTs'®?%2%23
provided information for adverse effects in each active and control
group. In 4 studies,'®***>?* participants in the intervention group were
given triple therapy plus synbiotics, one study'® administered quad-
ruple therapy plus synbiotics, and one RTC*' supplied solely synbiotics
in the active group. Endoscopy and biopsies, as well as the urea breath
test, were the most frequent tests for confirmation of H. pylori infection
at the beginning of the study, and for re-checking infection at the end of
the study, respectively. The studies were conducted in Turkey '%2%2%23
Chile*! and Iran,'® and published between 2013 and 2017.

5. Risk of bias assessment

Random sequence generation information was appropriately refer-
enced in all included studies. However, only 2*"** provided sufficient
data for allocation concealment. 2 studies'®** described the blinding
methodology. All RCTs had low risk of bias in attrition and reporting
bias items. The reviewers’ judgements regarding each Cochrane risk of
bias item are presented in Supplement 1.
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6. Systematic review

Shafaghi et al'? did not provide overall adverse effects results for
quadruple therapy, and presented data as a systematic review. This
study demonstrated that except for anxiety, which was lower in quad-
ruple plus synbiotics, adding synbiotics did not lead to any changes in
quadruple therapy side effects.

7. Effects of synbiotics on H. pylori eradication rates (PP
treatment)

Risk ratios regarding the effects of synbiotic supplementation on H.
pylori eradication rates were available for PP analysis in 5 trials. Pooled
RR revealed no differences in eradication rates between intervention
and control groups (RR: 0.90; 95% CI: 0.69-1.16; 2 = 88%) (Fig. 2A).
When studies were categorized based on type of intervention, synbiotic
supplementation did not show significant improvement in H. pylori
eradication when added to triple therapy (RR: 1.04; 95% CI: 0.88-1.23)
or quadruple therapy (RR: 0.93; 95% CI: 0.83-1.04). However, in a
subgroup in which synbiotics were solely intervened in comparison
with triple therapy, the eradication rate was significantly lower in the
intervention than the control group (RR: 0.18; 95% CI: 0.08-0.38). In
addition, no difference was noted for the outcomes by subgroup ana-
lysis according to age of participants and type of antibiotic regimen in
the comparison group (Table 2).

8. Effects of Synbiotics on H. pylori eradication rates (ITT)

The pooled ITT eradication rates suggested synbiotics improve H.
pylori eradication rates, in comparison with control groups, with no
inter-study heterogeneity (RR: 1.28; 95% CI: 1.15-1.43; 2 = 0%) with
a NNT of 5.2 (Fig. 2B). Subgroup analysis by mean patient age and type
of antibiotic regimen did not reveal any significant differences in ele-
vating eradication rates [ =18 years old (RR: 1.30; 95% CI: 1.13, 1.50)
vs < 18 years old (RR: 1.25; 95% CI: 1.05, 1.48), and in terms of
quadruple therapy (RR: 1.46; 95% CI: 1.12, 1.89) vs triple therapy (RR:
1.25; 95% CI: 1.11, 1.40)]. (Table 2).

9. Adverse events

Data regarding the overall incidence of adverse events were re-
ported in 4 RCTs. The incidence of adverse events was significantly
lower in the synbiotic supplementation plus triple therapy than in the
control group (RR: 0.47; 95% CI: 0.25-0.90). No significant inter-study
heterogeneity was detected (I? = 36%; P = 0.20) (Fig. 2C). Subgroup
analysis based on mean age did not indicate any significant difference
in adverse event incidence between intervention and control groups in
both < 18 (RR: 0.97; 95% CI: 0.14-6.71) and =18 (RR: 0.43; 95% CI:
0.18-1.04) subgroups (Table 2).

10. Publication bias

No evidence of publication bias was observed by Egger’s linear re-
gression and Begg’s rank correlation test in estimating the effects of
synbiotics on H. pylori eradication as PP (Begg’s test P = 0.32; Egger’s
test P = 0.73), ITT (Begg’s test P = 0.32; Egger’s test P = 0.17), and in
terms of assessing adverse events synbiotic addition to treatment with
antibiotics (Begg’s test P = 0.49; Egger’s test P = 0.22).

11. Discussion

To the best of the authors’ knowledge, the present systematic review
and meta-analysis is the first study assessing the effect of synbiotics on
H. pylori eradication. These findings indicate that the addition of syn-
biotics supplementation to antibiotic regimens might increase H. pylori
eradication rate and reduce adverse events resulting from antibiotic
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A) Per-protocol
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Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gotteland et al.(2005) 3] 51 30 45 T7% 0.18[0.08,0.38]

Islek et al.(2015) 38 44 K3 38 231% 1.06[0.87,1.28]

Shafaghi et al.(2016) 35 38 24 24 253% 0.93[0.83,1.04]

Ustundag et al.{2017) 27 33 20 31 192% 1.27[0.93,1.77]

Sahin et al.{2013) 38 43 32 34 247% 0.94 [0.82,1.08]

Total (95% CI) 209 172 100.0% 0.90[0.69, 1.16]

Total events 144 137

Heterogeneity: Tau®= 0.06; Chi*= 32.04, df= 4 (P < 0.00001); F= 88%
Test for overall effect Z=0.83 (P=0.41)

B) Intention to treat

0.0 0.1 1 10 100
Favours [experimental] Favours [control]

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Islek et al.{2015) 38 47 AN 46 19.4% 1.20[0.94,1.53] ™
Shafaghi et al.{2016) 35 38 24 38 17.2% 1.46[1.12,1.89] -
Sirvan et al.{2017) 44 50 36 50 28.8% 1.221[1.00,1.49] -
Ustundag et al.{2017) . 35 20 34 10.4% 1.31[0.94,1.83] ™
Sahin et al.{2013) 38 43 33 48 241% 1.29[1.03, 1.60] Il
Total (95% CI) 213 216 100.0% 1.28[1.15, 1.43] 4
Total events 182 144
Heterogeneity: Tau®= 0.00; Chi*=1.46, df= 4 (P = 0.83); F=0% =El 0 051 150 1005

Test for overall effect: Z=4.49 (P < 0.00001)

C) Adverse-Event

Favours [experimental] Favours [control]

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Islek et al.(2015) 8 47 29 46 41.3% 0.27[0.14,0.53] ——
Sirvan et al.{2017) 1 50 1 50 51% 1.00 [0.08, 15.55]
Ustundag et al.{2017) 1 33 1 31 5.2% 0.94 [0.06, 14.38]
Sahin et al.(2013) 13 43 22 48 48.4% 0.66[0.38,1.14] —
Total (95% CI) 173 175 100.0% 0.47 [0.25, 0.90] E
Total events 23 53

e - J- . - - - = R = } { I I
Heterogeneity: Tau®= 0.14; Chi*= 470, df= 3 (P = 0.20); F= 36% 0.005 o 200

Test for overall effect Z=2.27 (P=0.02)

10
Favours [experimental] Favours [control]

Fig. 2. The effect of symbiotic on H. pylori eradication.

treatment. In this regard, several meta-analyses have reported the fa-
vorable effects of probiotics on treating patients suffering from H. pylori
infections,>'~>* which is consistent with the present result. Although the
pooled effect size from PP reports did not show any significant role of
synbiotics on the treatment of H. pylori infections, the results from ITT
analysis revealed that synbiotic can significantly improve the efficacy of
conventional pharmacological therapy on the H. pylori eradication rate.
One possible reason for the differences between the two analysis models
might be due to the number of patients who were withdrawn from the
control group due to adverse effects from pharmacological therapy. For
example, in Shafaghi et al'®, 14 patients in the control group were
excluded during the follow-up period, while all participants in the in-
tervention group completed the study. It seems that synbiotics, by in-
creasing the tolerability of common pharmacological therapies, en-
hance patient adherence, as well as improving the eradication rate of
the conventional drug regimen.

One included study®' investigated the effects of synbiotics in com-
parison with triple therapy. It showed that synbiotic administration can
reduce H. pylori bacteria load and was in agreement with previous
studies which had reported the efficacy of probiotics on H. pylori in-
fection.*> > However, this favorable effect was significantly lower than

in triple therapy, and that indicated complete eradication was not solely
obtained from synbiotic administration.

The effect of quadruple therapy plus synbiotics on H. pylori eradi-
cation was investigated in one study.'® It showed that synbiotics plus
quadruple therapy could increase the eradication rate and that, except
for anxiety, the side effects were similar in both the quadruple therapy
and quadruple plus synbiotic therapy groups. There are limited studies
that have examined the possible efficacy of probiotics with quadruple
therapy, which have suggested that probiotics cannot improve the ef-
ficacy or the tolerability of the therapy.***° The reason underlying the
differences between the effects of synbiotics/probiotics on the adverse
effects of triple and quadruple therapy might be due to different tol-
erability levels.*’ However, more studies are needed to determine the
effect of synbiotics/probiotics (with different strains) on quadruple
therapy tolerability (in different line treatments).

The most common antibiotic side effects are nausea, vomiting,
diarrhea, and epigastric pain, which have been reported in previous
studies.*>*> The present results revealed that adding synbiotics to an-
tibiotic therapy can reduce common adverse effects, which has been
deemed to be the most common reason for low levels of medication
compliance, and thus this addition can enhance medication tolerability.
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Table 2
subgroup analysis based on age, type of intervention and comparison.

Complementary Therapies in Medicine 43 (2019) 36-43

Outcomes Subgroups References Results Heterogeneity
Per-protocol Age >18 Islek et al** 0.95 [0.88, 1.03] P =0%
Shafaghi et al'’
Sahin et al'®
<18 Gotteland et al*' 0.48 [0.05, 5.16] P =97%
Ustundag et al**
Type of intervention Synbiotic Gotteland et al*! 0.18 [0.08, 0.38] -
Quadruple therapy plus synbiotic Shafaghi et al'’ 0.93 [0.83, 1.04] -
Triple therapy plus synbiotic Islek et al** 1.04 [0.88, 1.23] P =53%
Ustundag et al
Sahin et al'®
Type of antibiotic regimen in comparison group Quadruple therapy Shafaghi et al'® 0.93 [0.83, 1.04] -
Triple therapy Gotteland et al*’ 0.82 [0.55, 1.24] P =91%
Islek et al**
Ustundag et al**
Sahin et al'®
Intention- to- treat Age >18 Islek et al** 1.30 [1.13, 1.50] I =0%
Shafaghi et al'®
Sahin et al'®
<18 Ustundag et al*® 1.25 [1.05, 1.48] I =0%
Sirvan et al*’
Type of antibiotic regimen Quadruple therapy Shafaghi et al'® 1.46 [1.12, 1.89] -
Triple therapy Islek et al** 1.25 [1.11, 1.40] P=0%
Ustundag et al**
Sirvan et al*
Sahin et al'®
Adverse events Age >18 Islek et al** 0.43 [0.18, 1.04] I =76%
Sahin et al'®
<18 Sirvan et al* 0.97 [0.14, 6.71] P =0%

Ustundag et al*®

This finding was consistent with a previous meta-analysis** which ex-
amined the effect of probiotics on H. pylori eradication, and indicated
that the addition of probiotics to first-line therapy could elevate the
eradication rate directly by reducing bacteria colonization, and in-
directly by enhancing medication efficiency through increasing ad-
herence and reducing pharmacological adverse effects. Although the
results suggested that the addition of synbiotics to conventional anti-
biotics regimens could be a promising finding in enhancing the eradi-
cation rate of H. pylori and reducing pharmacological adverse effects, it
should be interpreted cautiously. Due to the forms of data collection
used with different strains of bacteria, along with various antibiotic
regimens, the present meta-analysis may be misleading and should be
consider as a primary finding.

As synbiotics include probiotics and prebiotics in combination, they
can provide synergistic effects by alternating the form and/or function
of the gut microbiota. In this regard, one study has showed that syn-
biotics are more effective on the eradication rate of H. pylori in com-
parison with probiotics.”' The mechanism underlying the anti-H. pylori
activity of synbiotics seems to be similar to probiotics. Probiotics can
suppress H. pylori colonization and growth via the production of mucin,
autolysins, organic acids and bacteriocins.**~*® Furthermore, synbiotics
can improve systemic antioxidative activity caused by H. pylori infec-
tion, through inducing infiltration of the subepithelial gastric lamina
propria, and consequently producing excessive amounts of reactive
species responsible for oxidative damage.*® It might modify proin-
flammatory cytokines and regulate immune responses, as well as pre-
venting H. pylori bacteria growth.>>? It also stimulates mucin secre-
tion from the gastric epithelium, which is reduced in H. pylori
infections.>*

Synbiotics are basically safe, and are widely used by the general
population as supplements to enhance health-related outcomes.”* The
association between gut microbiota and many diseases, such as non-
alcoholic fatty liver,”® cardiovascular®® and type 2 diabetes,”” have
been well documented. In this case, the beneficial role of synbiotics and
probiotics in changing gut microbiota populations and modifying me-
tabolic markers, including lipid profiles,”® inflammation®®*° and
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glycemic status-related markers®' have been previously demonstrated.
However, many issues regarding the optimal dosage of probiotics, the
treatment duration, and the efficacy of specific strains in specific dis-
eases remain unclear.®>® Although studies have suggested minor side
effects, especially bloating or diarrhea, by manipulating the micro-
biome with probiotic and synbiotic supplementation in healthy
adults,®* the safety of their use is only under question in critical dis-
eases, very weak infants, post-operative patients, and weakened im-
mune systems.®>°® Furthermore, the information around all kind of
probiotic strains is different.®® Current probiotics knowledge is mostly
related to lactobacilli and bifidobacteria, however, there are several
other probiotic bacteria strains with various influences on metabolic
parameters.®” " As many studies (similar to the included studies in the
present meta-analysis) have used multi-strain probiotics/synbiotics,
there is a need to determine the effects of individual probiotic/synbiotic
strains, or even genus, as treatment agents. Due to these unclear issues,
there is a long way to go before suggesting probiotics as treatment
methods in various diseases.

The current study has several limitations, which should be con-
sidered when being interpreted. Firstly, there were few eligible trials,
and the sample size was relatively small, which prevented multiple
subgroup analysis to detect possible effects of other variables. Secondly,
the amount and strain of probiotic bacteria as part of synbiotic sup-
plementation was not reported in 2 studies. Lastly, there are concerns
about the heterogeneity of the included studies in terms of participant
demographics, dosage and strain of bacteria, and study duration, which
may have affected the efficacy of the results.

12. Conclusion

In conclusion, the present systematic review and meta-analysis
suggested a primary therapeutic effect of synbiotics being the increase
of H. pylori eradication rates in combination with conventional therapy.
It also suggested the reduction of adverse effects of antibiotics treat-
ments. However, the low number of available trials led to limitations in
drawing evidence-based conclusions, and this promising effect should
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be considered with caution. On the other hand, there is a lack of evi-
dence regarding the effect of various strains of probiotics, and the
possible efficacy of synbiotics, on different pharmacological regimens,
especially non-bismuth quadruple therapies. This means that there is a
necessity for more robust and consistent evidence before re-
commending it as clinical practice. Further high-quality studies with
various strains are needed to confirm these results.
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