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Abstract: Probiotic is little known for its benefits on upper gastrointestinal health. The objective
of this systematic review was to examine the efficacy of probiotics in alleviating the frequency and
severity of symptoms in gastroesophageal reflux disease (GERD) in the general adult population.
The PubMed and Web of Science databases were searched for prospective studies on GERD, heartburn,
regurgitation, and dyspepsia, without any limitation on sample size. The Jadad scale was used
to evaluate the quality of randomized controlled trials. In total, 13 prospective studies that were
published in 12 articles were included in the analysis and scored per the Jadad scale as high-
(five studies), medium- (two), and low- (six) quality. One article reported on two probiotic groups;
thus, 14 comparisons were included in the selected studies, of which 11 (79%) reported positive
benefits of probiotics on symptoms of GERD. Five out of 11 positive outcomes (45%) noted benefits
on reflux symptoms: three noted reduced regurgitation; improvements in reflux or heartburn were
seen in one study; five (45%) saw improvements in dyspepsia symptoms; and nine (81%) saw
improvements in other upper gastrointestinal symptoms, such as nausea (three studies), abdominal
pain (five), and gas-related symptoms (four), such as belching, gurgling, and burping. In conclusion,
probiotic use can be beneficial for GERD symptoms, such as regurgitation and heartburn. However,
proper placebo-controlled, randomized, and double-blinded clinical trials with a sufficient number of
participants are warranted to confirm its efficacy in alleviating these symptoms. Further, interventions
with longer durations and an intermediate analysis of endpoints should be considered to determine
the proper therapeutic window.
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1. Introduction

Gastroesophageal reflux disease (GERD) is a common digestive disorder in the general population
that primarily affects the esophagus and gastro-duodenum. Due to its prevalence, GERD has a
significant impact on quality of life (QoL) and healthcare costs.

1.1. Definition

The World Gastroenterology Organization defines GERD as ‘troublesome symptoms sufficient
to impair an individual’s quality of life, or injury or complications that result from the retrograde
flow of gastric contents into the esophagus, oropharynx, and/or respiratory tract’ [1]. The Rome IV
criteria include functional heartburn (FH) and reflux hypersensitivity (RH), which can overlap with
GERD [2]. Further, the Rome IV criteria describe infant regurgitation (IR) as follows: regurgitation 2 or
more times per day for 3 or more weeks [3], spontaneous resolution with age, and no association with
negative long-term consequences [4]. IR is not included in this systematic review.
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Typical symptoms of GERD are heartburn and regurgitation, rendering the distinction between
GERD, FH, and RH complicated. To improve the diagnosis of GERD, the Gastroesophageal Reflux
Disease Working Group of the International Working Group for Gastrointestinal Motility and Function
created a consensus document to determine modern indications for esophageal testing in GERD
and define criteria for the clinical diagnosis of GERD [5]. Diagnosis and investigation of GERD is
commonly based on questionnaires, including the Gastrointestinal Symptom Rating Scale (GSRS) [6]
and Frequency Scale for Symptoms of GERD (FSSG) [7].

Dyspepsia-related symptoms often coexist with those of GERD, although they are two distinct
disorders. Functional dyspepsia (FD) is defined as epigastric pain or discomfort that persists for at least
three months in patients without predominant heartburn or regurgitation without organic causes [2].
The Rome IV criteria continue to divide FD into postprandial distress syndrome (PDS), characterized
by meal-related symptoms, and epigastric pain syndrome (EPS), typified by pain and burning [2].

1.2. Epidemiology

The estimated global prevalence of GERD is between 8% and 33% for all age groups and both
genders. The prevalence also varies substantially between countries, most affecting populations in
Western countries, including the Americas, Europe, Australia—-New Zealand, and the Middle East (10%
to 30%). It is less common in East Asia (<10%), and no data are available for Africa [1,8].

At least 10% to 20% of the US population reports weekly esophageal symptoms regarding
heartburn and/or regurgitation [8]. In addition, GERD is one of the main healthcare issues in North
America and Europe, placing a significant economic burden on society. For example, in the US, GERD
is a common reason for consultation in primary and secondary care, with estimated costs that exceed
10 billion USD per year [8,9].

1.3. Pathophysiology

GERD is a chronic relapsing condition that occurs when gastric refluxate from the stomach,
consisting of acid, pepsin, duodenal content and pancreatic enzymes, induces troublesome symptoms
and/or complications in patients. The mechanisms of the pathogenesis of GERD include but are not
limited to motor dysfunctions, hiatal hernia, and impaired mucosal resistance [5,10].

1.4. Management and Treatment

Stepwise management of GERD comprises lifestyle and dietary changes, followed by medical
treatments that suppress intragastric acid secretion, including proton pomp inhibitors (PPIs). Lifestyle
and nutritional changes can focus on modifications to diet, such as reducing the portion size per
meal, consuming low-fat and low-protein foods, avoiding dietary and lifestyle triggers (e.g., nicotine,
caffeine, and alcohol), and allergens (e.g., dairy and gluten). In addition, dietary supplements have
been suggested to alleviate the severity and frequency of symptoms. Beneficial supplements include
deglycerized licorice, glutamine, digestive enzymes, magnesium, and probiotics [9].

1.5. Probiotics and GERD

Probiotics are defined as ‘live microorganisms that, when administered in adequate amounts,
confer a health benefit on the host’ [11]. Probiotics are available in a variety of forms, such as powders,
capsules, foods, and infant formula [12]. The administration of probiotics has been recognized
to benefit the health of the gut by improving bowel functions and abdominal symptoms [13,14].
The mechanisms of probiotics have been suggested to involve a wide range of activities, including
direct interactions with the gut luminal microbiota, metabolic effects that result from enzymatic
activities, effects on barrier function, and crosstalk with the central nervous system and enteric
immunity [11,12,14]. Notwithstanding this, there is a lack of a thorough mechanistic understanding of
probiotics” functionality in general [15]; this is also the case for GERD.
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The clinical implications of probiotics in gut health have been studied extensively in various clinical
trials [14]. Although their ingestion does not appear to influence gastrointestinal microbiota in healthy
adults [16], the consumption of probiotics during dysbiosis can promote gastrointestinal homeostasis
and stimulate the growth of beneficial indigenous gut microbes [17]. Further, prior consumption
of probiotics can reduce the risk of dysbiosis during conditions that challenge the composition of
the intestinal microbiota, such as antibiotic use [18]. In general, supplementation with probiotics is
related to benefits in the management of various lower-GI tract conditions, as documented in a recent
systematic review of 70 randomized clinical trials that were published between 2012 and 2017 [14].
Highly supportive evidence of improvements in overall GI symptoms and abdominal pain in irritable
bowel syndrome (IBS), and reductions in the risk of antibiotic-associated diarrhea and side effects that
are associated with Helicobacter pylori (H. pylori) eradication therapy, were noted. Moderate evidence of
improved bowel movements and bloating and distention in IBS was observed [14].

1.6. Aim of the Study

Most gastrointestinal benefits of probiotics have targeted the lower digestive tract, and limited data
regarding the upper digestive tract have been reported, particularly for GERD. However, some of the
biological events associated with GERD, such as changes in barrier function and immune response [19],
are typically affected by probiotics; it can thus be hypothesized that they also play a role here [11].
Further, Lactobacillus johnsonii No. 1088 has been shown to reduce gastric acid production in an animal
model [20]. Bifidobacterium bifidum YIT 10347 was shown to adhere to stomach cells and promote
production of mucin, improving the physical gastric barrier to acidic stomach content [21]. Moreover,
B. bifidum YIT 10347 regulates NF-kB signaling in more severe diseases, such as H. pylori-associated
gastritis. The synergistic effects of these mechanisms can alleviate visceral hypersensitivity and improve
the interactions between luminal contents and host esophageal epithelium in GERD. Lactobacillus gasseri
LG21 has been shown to increase pepsinogen (PGI), which may contribute to improved digestion
and shortened gastric residence time [22]. This indicates that there are potential mechanisms for the
benefits of probiotics in GERD.

The aim of this systematic review was to examine the efficacy of probiotics in alleviating the
symptoms, incidence, and severity of GERD in the general adult population, as this has not been done
before. Although probiotics may be beneficial for patients receiving PPI treatment, we focused on
studies with non-medicated subjects [23]. Due to the difficulty in distinguishing GERD from heartburn,
regurgitation, and dyspepsia, this review will not differentiate between them.

2. Method

This systematic review was performed according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.

2.1. Literature Search

An advanced-mode electronic search was performed in the PubMed and Web of Science databases
for prospective controlled studies using the terms “GERD OR dyspepsia OR heartburn OR regurgitation
AND probiotic” in all age groups. We also performed focused searches of the Directory of Open Access
Journals, Google Scholar, and reference lists of the included papers and applicable meta-analyses. The
final search was performed in June 2019; eligible articles up to that date were considered for inclusion.

2.2. Study Selection and Data Extraction

Two independent reviewers (J.C., A.C.O.) identified studies for inclusion and analyzed the selected
articles. Discrepancies were resolved by discussion. The process of the study selection is illustrated
in Figure 1. Titles and abstracts were first reviewed to exclude manuscripts that were published in
non-English-language journals, systematic and literature reviews, commentaries, meeting abstracts,
letters, case reports, animal studies, and clearly irrelevant studies. The remaining full-text articles
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were assessed for eligibility, based on the research questions. Data on subject characteristics (gender,
age), study characteristics (study design, randomization, blinding, sample size, probiotic delivery
vehicle, probiotics species/strain, daily probiotic dose, intervention duration), and clinical outcomes
were recorded. The included clinical trials were scored using the Jadad scale [24] (Table S1).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses study flow diagram.
Abbreviations: non-gastrointestinal (non-GI), irritable bowel syndrome (IBS), proton pump inhibitor
(PPI), gastroesophageal reflux disease (GERD).

3. Results

The database searches retrieved 232 titles and abstracts, and a manual search of relevant
bibliographies identified one additional record. After the removal of duplicates, 182 unique titles
remained. These titles and abstracts were screened for eligibility; 128 records were excluded, and 54
full-text articles were reviewed. In the analysis, 12 articles were included. One of the articles reported
two interventions [25], and one article reported two probiotic study arms and one shared placebo
arm [26]. Thus, the analysis ultimately included 14 comparisons. A flow diagram of the identification
and selection of studies is shown in Figure 1.

A total of 951 subjects (mean: 68, range: 8-249/comparison) were analyzed in the 14 comparisons
that were published in the 12 included articles. The subjects were healthy adults, including elderly
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persons. In most studies, both genders were evenly distributed in the analyzed population (Table 1).
Daily probiotic doses ranged from 0.05 x 10° to 46 x 10° colony-forming units (CFU) (mean
5.8 x 10° CFU). Treatment durations ranged from 1 to 12 weeks (mean six weeks) (Table 1).

A total of eight probiotic or synbiotic products were studied, containing between one and six strains
(Table 1). Ten were single-strain products—L. gasseri LG21, B. bifidum YIT 10347, Bifidobacterium animalis
subsp. lactis HNO19, and Lactobacillus reuteri DSM 17938—whereas the four remaining products were
multi-strain products, containing various strains in species of B. bifidum, B. lactis, Bifidobacterium longum
subsp. longum, Lactobacillus casei, Lactobacillus plantarum, Lactobacillus rhamnosus, and Lactobacillus
acidophilus. Four study products also contained other ingredients, such as antioxidants and prebiotics.
In the included studies, the probiotics were administered in various formats: fermented dairy (seven
comparisons), pill-like (four comparisons), powder (two comparisons), and olive oil (one comparison)
(Table 1).

Of the 13 included studies, six were randomized and seven performed blinding of the patients;
various study designs were used, including parallel groups (six studies), before—after comparisons
(five studies), and crossover designs (two studies) (Table 2). After qualitative rating of the study design,
per the Jadad scale, five randomized controlled trials (RCTs) with a parallel-group design were defined
as high-quality, two RCTs with a parallel-group or crossover design were medium-quality, and the six
remaining studies were low-quality (Table 2). Although it is not part of the Jadad score, reporting on
compliance is an important marker of quality. Nearly half of the comparisons (1 = 6) did not report
compliance with the product (Table 3)
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Table 1. Study Characteristics.
Number of Subjects Female Age (mean + SD, . . .. . Dose Intervention
Study (Probiotic: Control) (%) Range) [1] Delivery Vehicle Probiotic Strain(s) [11] (10° CFU/day)  Duration (wk)
B. bifidum W23, B. lactis W52, B. longum W108,
[27] 20 (20:0) 100 295+53% NR (sachet/stick) L. casei W79, L. plantarum W62, L. rhamnosus 4 4
W71 and o FOS, inulin
L. reuteri *, L. rhamnosus GG *, Saccharomyces
[28] 8 (8:8) NR  NRbut sﬁﬁfge‘i tobe Olive oil boulardii *, and vitamin B6 hydrochloride Q10 46 1
coenzyme
[29] 44 (44:0) 50% 42.5 (34.5-50.3) ## Yogurt L. gasseri LG21 1 12
[30] 106 (54:52) 75% 42.8 £9.0 Yogurt L. gasseri LG21 >1 12
[22] 24 (24:0) 33% 68.6 +9.7 Yogurt L. gasseri LG21 1 12
[25] A [III] 149 (149:149) 48% 50.6 + 7.4 (33-84) Fermented milk B. bifidum YIT 10347 1 2
[25] B [111] 27 (27:27) 13% 35.3 +11.3 (21-58) Fermented milk B. bifidum YIT 10347 1 2
o Probiotic: 41.1 + 10.1 . o
[31] 79 (39:40) 52% Placebo: 41.6 9.9 Fermented milk B. bifidum YIT 10347 >3 4
[21] 37 (37:0) 51% 52.6 + 17.5 (12-78) Fermented milk B. bifidum YIT 10347 >1 2
o Probiotic: 44 + 11 .
[26] A [IV] 54 (26:28) 62% Placebo: 45 + 11 Capsule B. lactis HN019 1.8 2
o Probiotic: 43 + 12 .
[26] B [IV] 61 (33:28) 61% Placebo: 45 + 11 Capsule B. lactis HNO19 17.2 2
o Probiotic: 72.6 + 5.8 . .
[32] 249 (125:124) 57% Placebo: 72 + 5.6 Stick L. reuteri DSM 1793 and GOS 0.1 12
L. acidophilus La5, B. lactis Bb-12, Lactobacillus
[33] 36 (18:18) 56% NR (24-45) Tablet bulgaricus *, Lactobacilus paracasei *, 24 6
Streptococcus thermophilus *, and FOS
[34] 24 (12:12) 759% Probiotic: 41.1 + 12:5 Caplet L. acidophilus *, B. bifidum *, Bacillus subtilis *, L. 0.05 12

Placebo: 41.5 + 15.8

bulgaricus *, L. lactis *, Bacillus licheniformis *

Abbreviations: year (yr), standard deviation (SD), colony-forming units (CFU), week (wk), not recorded (NR), galacto-oligosaccharides (GOSs), fructo-oligosaccharides (FOSs), Deutsche
Sammlung von Mikroorganismen (German Collection of Microorganisms, DSM). [I] Ages are expressed in years. # median + SD. # median (interquartile range). [II] * Strain unspecified.
[IIT] A and B represent two trials, termed Trials 1 and 2, in [25]. [IV] A and B represent low-dose and high-dose treatments in the same trial in [26].
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Table 2. Study Design and Quality Rating.

7 of 15

Jadad Score [I]

Study Randomization Blinding Design Qualitative Rating [II] IP Compliance
(1) (2) 3) @) (5) Total
[27] No No Before-after 0 0 0 0 1 1 Low 100%
[28] No No Crossover 0 0 0 0 1 1 Low NR
[29] No No Before-after 0 0 0 0 0 0 Low NR
[30] Yes Yes Parallel Group 1 0 1 1 1 4 High NR
[22] No No Before-after 0 0 0 0 1 1 Low >90%
[25] A [1IV] No No Before-after 0 0 0 0 1 1 Low >95%
[25] B [1V] NR Yes Crossover 0 0 1 1 1 3 Medium >95%
[31] Yes Yes Parallel Group 1 0 1 1 1 4 High >95%
[21] No No Before-after 0 0 0 0 1 1 Low NR
[26] A V] Yes Yes Parallel Group 1 1 1 1 0 4 High 100%
[26] B [V] Yes Yes Parallel Group 1 1 1 1 0 4 High 100%
[32] Yes Yes Parallel Group 1 1 1 1 1 5 High NR
[33] Yes Yes Parallel Group 1 0 1 1 0 3 Medium NR
[34] Yes Yes Parallel Group 1 1 1 1 1 5 High >75%

Abbreviations: not reported (NR). [I] Points were rated for each item according to Table S1. [II] Total Jadad scores were classified into three categories: high- (4,5), medium- (3), and
low-quality (0,1,2). [III] Each column corresponds to one type of upper-GI symptom, as presented in Table 3: (1) reflux symptoms, (2) dyspepsia-related symptoms, and (3) others. [IV] A

and B represent two trials: Trial 1 and Trial 2 in [25]. [V] A and B represent low-dose and high-dose treatments in the same trial in [26].
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Table 3. Study Design and Clinical Outcomes.
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Clinical Outcomes

Study Population Inclusion Criteria Side Effects/Adverse Events Reflux S
ymptoms . N
(Regurgitation/Acid Reflux/Heartburn) Dyspepsia-Related Symptoms Other upper-GI Symptoms
Pregnant Rome .IH for Reflux episode presence reduced Episodes of abdominal pain reduced
[27] Functional None I o NA L o
Woman Constipation significantly by 40% significantly by 40%
Significantly reduced postprandial Compared with placeb_o, m_gmﬁcantly
Rome III for o . . reduced nausea and pain/discomfort in
[28] Adult . . NR NA gastric distension and postprandial . .
Functional Dyspepsia : abdominal upper quadrants and relief of
fullness compared with placebo .
belching
[29] Adult Rome III for NR NR Significantly reduced postprandial Significantly reduced epigastric pain by
Functional Dyspepsia distress by 7.7 points in FSSG 8 points in FSSG
' ' No significant reduction in Significantly reduced overall .FD
No difference in adverse reeureitation or hearfburn at endpoint symptom score compared with
[30] Adult Rome III for events (AEs) between (vfeel% 12), but at Week 8, a signi f?can ¢ placebo (35.2 vs. 17.3%). Postprandial A trend for the improvement in
. Functional Dyspepsia  probiotic (1 = 2) and placebo L. + 2815 distress syndrome score was epigastric burning (p = 0.086).
= decrease in both symptoms was -
(n=5) observed significantly lower versus placebo
(37.5vs. 17.8%).
Patient’s medical Significantly increased L
[22] Adult + Elderly history, upper-GI NR Fregiuir;fci}éasrfare f(; f);iféu; troezhéced dysmotility-like dyspepsia, from 3.5 to Overall FSSCf;r(s;grle Orgdtgcg i significantly
endoscopy and FSSG & ¥ ’ ’ 4.0 on the FSSG ’ -
Compared with baseline, significantly
fewer gastric symptoms by 0.8 and 1.1
and reduced overall gastric symptom
Modified GSRS for Significantly reduced acid Significantly lower individual score by 0.9 and 1.2 after 1 and 2 weeks,
[25] A 1] Adult stric symptoms None regursitation. no effect on reflux symptom scores for stomach respectively.
8 ymp sUr ! heaviness Significantly reduced individual
symptom scores in burp, no appetite,
and repeated abdominal pain or
discomfort.
The modified F-scale score was
Modified FSSG for - significantly reduced by 1.0 and 1.1 after
[25] B [1] Adult gastric symptoms None No effect on regurgitation or reflux NR 1 and 2 weeks compared with baseline,
no comparison with placebo.
On the modified FSSG, a trend for
improvement in burping
Compared with placebo, no difference i . . (=0.62 vs. —0.38) and postprandial
Modified FSSG but No difference between in modified FSSG for reflux syndrome. On;c};ilf;jiﬁilfsf’ ;Z gﬁiﬁiﬁ; m epigastric pain (—0.38 vs. —0.08).
31 ult not Rome or robiotic (1 = 7) an acebo o difference in acid regurgitation but . . the , trend for improve:
Adul Rome IV f probioti 7) and placebo  No diff id regurgitation b oward post ryarf’df;l Hocomfort On the GSRS, trend for improved
Functional Dyspepsia (n=12). a trend for improved heartburn (-0.90 ward posip upper-GI symptoms (-0.72 vs. —0.45).

vs. —0.38) in GSRS.

(~0.56 vs. —0.33)

No difference in severity but
significantly lower prevalence of
gas-related symptoms (flatus).
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Table 3. Cont.

9 of 15

Clinical Outcomes

Study Population Inclusion Criteria Side Effects/Adverse Events Reflux Symptoms .
(Regurgitation)/. Aciyd Ifeﬂu x/Heartburn) Dyspepsia-Related Symptoms Other upper-GI Symptoms
Functional _ . . No difference for reflux symptoms on Significantly decreased indigestion S
[21] Adult gastrointestinal ABs (n ;i;flr;;;isnnal 8as the FSSG, but a trend in GSRS (p = syndrome scores on the GSRS and Sign 1f1canzlr}: dd;;rsegssc:irc::;erall GSRS
disorder by physician & 0.06). acid-related dyspepsia on the FSSG. '
Self-reported Significantly lower frequency score for Significantly lower frequency score for
(2e1A M Adult constipation None regurgitation by 11.3 vs. 2.3 (placebo) NA nausea, abdominal pain, gurgling.
I Significantly lower frequency score for
[26] B [11] Adult Self—re.por'ted None Slgnlflc'ant'ly lower frequency score for NA nausea, abdominal pain, gurgling, and
constipation regurgitation by 14.9 vs. 2.3 (placebo) o
vomiting.
Gl discomfort de.zfmed No dlffer.en'c e of AEs between - No effects on indigestion/dyspepsia No effects on abdominal pain
[32] Elderly by a score of >2 in any probiotic and placebo. No effect on regurgitation or reflux (=0.14 vs, —0.13) (=0.08 vs. —0.09)
domain on the GSRS  Serious adverse events: none ' o ' Lo
Rome II for dyspepsia,
[33] Adult po“i;ﬁ;ﬁ?;:(l;atmg’ None NA No difference in dyspepsia NA
flatulence
Rome II for functional A trend toward improved general GI
[34] Adult None NR NR symptoms (lower and upper GI),

bowel disorder

reduced by 18.9% vs. 8.8% with placebo.

Abbreviations: gastrointestinal (GI), not assessed (NA), not reported (NR), Frequency Scale for the Symptoms of Gastroesophageal Reflux Disease (FSSG), Gastrointestinal Symptoms
Rating Scale (GSRS), adverse events (AEs). [I] A and B represent two trials: Trial 1 and Trial 2 in [25]. [II] A and B represent low-dose and high-dose treatments in the same trial in [26].
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As shown in Table 3, of the 14 comparisons, 3-Gomi et al. (2015) study A and Waller et al. (2011)
studies A and B reported significantly reduced (acid) regurgitation, and three comparisons [30-32] did
not report any improvement. With regards to reflux or heartburn, two comparisons noted a significant
improvement [22,27]. Trends for improvement were observed by [31] with the modified GSRS and
by [21] with the original GSRS, but not with the FSSG questionnaire. Five comparisons reported no
improvement: [25] Studies A and B and [21,30,32]. The remaining comparisons did not assess or report
reflux syndrome symptoms.

Dyspepsia-related symptoms improved or declined in five comparisons: Gomi et al. (2015) study
A and [21,28-30]. One study reported increased symptoms for dyspepsia [22], and three studies found
no difference [31-33].

Five comparisons recorded a significant reduction in pain (abdominal or epigastric): Gomi et al.
(2015) Study A, Waller et al. (2011) Studies A and B, and [27-29]. Two studies saw trends in reduced
pain in the upper-GI region [30,31], and one reported no effect [32]. Three comparisons reported
significantly less nausea: Waller et al. (2011) Studies A and B and [28]. Improvements in gas-related
upper-GI symptom severity were observed in four comparisons: Gomi et al. (2015) Study A, Ianiro et
al. (2013), and Waller et al. (2011) Studies A and B. One study noted an improvement in the prevalence
of flatus [31].

Overall, of the 13 selected studies, 11 comparisons (79%) reported probiotic benefits on the
symptoms of GERD, whereas no benefit was seen in the three remaining comparisons [32-34]. Of the
11 former comparisons, five (45%) reported benefits for reflux symptoms, versus five (45%) for
dyspepsia symptoms and nine (81%) for other upper-GI symptoms, such as nausea, abdominal
pain, and gas-related symptoms (belching, gurgling, burping). Of the five high-quality RCTs,
two comparisons in Waller et al. (2011) showed efficacy (40%) with regard to reflux symptoms and
other upper-GI symptoms, primarily gas-related symptoms; one study (20%) [30] noted improvements
in dyspepsia-related symptoms.

Three comparisons reported benefits for regurgitation, using frequency score as the endpoint,
in which two single-strain probiotics were used: B. bifidum YIT 10347 in Study A in [25] and B. lactis
HNO19 for two comparisons in [26]. Gomi et al. (2015) in Study A reported a lower frequency
of regurgitation. Waller et al. (2011) observed similar efficacy in reducing the frequency score for
regurgitation at a high dose (17.2 x 10° CFU) by 12.6, and by 9.0 at the lower dose (1.8 x 10° CFU) [30].

In this review, four comparisons were performed with B. bifidum YIT 10347 with the same
intervention regimen, but only one showed an effect on both regurgitation and dyspepsia—Study A
in [25]—one saw improvements in acid-related dyspepsia [21], and two reported positive effects on
gas-related symptoms [25,31].

Most studies (n = 9) recorded adverse events (AEs) (Table 3), but none were associated with the
probiotic intervention. No serious adverse events were reported.

4. Discussion

In this systematic review, 13 prospective clinical studies, comprising 14 comparisons,
were reviewed to determine the potential of probiotics to alleviate upper-GI symptoms in GERD in the
general adult population. The mechanism of action of probiotics has focused primarily on the lower
digestive tract, and the activities of probiotics in the upper-GI tract remain largely unknown [15].

Nevertheless, probiotics of the genera Lactobacillus and Bifidobacterium are associated with
modulations in the immune response and antagonistic activity toward potential pathogens through the
production of short-chain fatty acids, such as lactic acid. Further, probiotics accelerate gastric emptying
by interacting with stomach mucosal receptors, which are suspected of triggering transient lower
esophageal sphincter relaxation, one of the pathophysiological mechanisms of GERD [35]. In addition,
probiotics can be beneficial for small intestinal bacterial overgrowth, interfering with immunity or
intestinal motility under various conditions [36]. These properties might be relevant to their effects in
GERD, as discussed here.
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4.1. Clinical Efficacy and Potential Mechanisms

A majority (79%) of the included comparisons reported probiotic benefits on the symptoms of
GERD, such as regurgitation, heartburn, dyspepsia, nausea, abdominal pain, and gas-related symptoms
(belching, gurgling, burping). However, the heterogeneity in the outcomes made it impossible to
perform a meta-analysis.

Probiotics have positive effects on reflux with regards to the presence of episodes [27] and
frequency scores [22]. The presence of reflux episodes fell significantly by 40% in 20 pregnant
women [27]. To our knowledge, de Milliano et al. (2012) is the first trial to supplement with multi-strain
probiotics, and reported benefits for reflux, particularly in constipated pregnant women. The product
in this study contained six probiotic strains from six species, including Bifibacterium and Lactobacillus,
providing efficacy for a wide range of upper- and lower-GI symptoms, such as abdominal pain and
constipation [27].

Based on the FSSG, the frequency scores for reflux declined significantly from 6.2 to 4.8 on
supplementation with L. gasseri LG21 for 12 weeks [22]. Notably, in the same study, pepsinogen (PGI)
level was the only stomach-related biomarker that had a significant negative correlation with the
reflux symptom score, after the effects of gender and age were adjusted [22]. PGI was suspected to
be involved in the occurrence of symptoms; thus, a higher PGI level indicates accelerated protein
digestion in the stomach. This explanation is one basis for the inverse relationship between increased
PGI levels and reduced reflux symptoms, particularly in the presence of increased dysmotility-like
dyspepsia, from 3.5 to 4.0 on the FSSG [22].

In addition to its involvement in protein digestion, other underlying mechanisms of L. gasseri LG21
in reflux and dyspepsia were examined in two cohorts [29,30]. In these two studies, no improvement
in regurgitation or heartburn was seen, whereas both reported reduced/lower dyspepsia—i.e., reduced
postprandial distress—regardless of the experimental design (self-controlled or placebo-controlled).
Moreover, Nakae et al. (2016) observed increased gastric emptying, as evidenced by the increased
gastric fluid volume and suppressed gastric acid secretion, based on a higher pH value after treatment.
Although Ohtsu et al. (2017) focused only on symptomology, to better differentiate PDS from EPS,
they administered questionnaires other than the FSSG in [22]. Notably, compared with the placebo,
postprandial distress syndrome scores declined significantly with the L. gasseri LG21 intervention
(37.5% vs. 17.8%), whereas only a trend of improvement for epigastric burning, with no improvement
in epigastric pain, was reported, indicating that L. gasseri LG21 has greater beneficial effects on PDS
symptoms than EPS [30]. These findings strongly suggest that the underlying mechanisms of L. gasseri
LG21 for improving FD-associated reflux are linked to postprandial effects, involving improved protein
indigestion and increased gastric emptying.

Little is known about gastric microbiota and its function in the pathogenesis of GERD and FD [29].
In Nakea et al. (2016), FD patients had a clearly different bacterial community compared with healthy
controls, in terms of overall community structure and bacterial taxonomic abundance. Prevotella spp.
is the predominant taxa inhabiting the stomach [29]. In this study, the relative abundance of Prevotella
spp. was lower in FD patients versus healthy controls and significantly negatively correlated with
the severity of postprandial distress symptoms scores, implicating Prevotella spp. in the occurrence of
FD symptoms.

H. pylori infection is associated with symptoms of GERD. However, its eradication is not always
associated with an improvement in symptoms [37]. In view of this, it is unfortunate that the studies
have not evaluated the presence or absence of H. pylori. Although probiotics do not eradicate H. pylori,
they have been shown to reduce its activity [38]. Information on the carriage of H. pylori could thus
have given information on some of the differences in efficacy.

4.2. Effects of Product Format on Efficacy

Limited evidence is available to compare efficacy between probiotic strains, due to the small
number of available trials. However, all three included L. gasseri LG21 studies reported positive
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effects on various symptoms of GERD. Also, for B. bifidum YIT 10347, four intervention trials indicated
positive changes in FSSG and GSRS scores. For other strains, too few studies were available to draw
overall conclusions. Very diverse product formats were applied in the selected studies, ranging from
fermented foods to various dietary supplement formats.

4.3. Safety

Although adverse events were reported in three studies [30-32], none differed significantly
between probiotic and placebo groups. Moreover, the adverse events were assumed not to be
product-related effects.

4.4. Study Quality

A potential source of bias for the experimental design was assessed in Table 2. As demonstrated
in [39], the level of evidence for trials with different experimental designs could be classified as follows
(in descending order): high-quality RCTs, low-quality RCTs, prospective cohort studies, and others.
All six RCTs were randomized and double-blinded with an identical appearance of placebo and
probiotic-containing products. However, especially in food, it might be challenging to manufacture a
placebo that is indistinguishable from the probiotic product.

Half of the studies implemented random sequence generation by computer-based randomization
programs, block approach, or tables. However, the allocation concealment was not clear in these
studies. Adequate allocation concealment is important for decreasing the risk of selection bias in
clinical trials [40]. The odds ratio for the estimated effects of inadequate allocation concealment on
treatment can be as high as 41%, having been the only risk of bias until 2008, as reported by RevMan, a
program that was used for Cochrane Reviews [41]. These findings suggest that inadequate allocation
concealment is the leading cause of bias. Two RCTs also had an unclear risk of bias due to the lack of a
clear description of the reasons for withdrawal or dropouts.

Although it is not part of the Jadad score, reporting on compliance is an important quality marker.
Nearly half of the comparisons did not report compliance with the product, including two studies that
were judged to be high-quality. Future systematic reviews and meta-analyses should take product
compliance into account in their quality evaluation.

5. Conclusions

Most studies reported positive outcomes for probiotics regarding the symptoms of GERD.
However, there was substantial heterogeneity in the outcomes and symptoms. Thus, although the
results are encouraging, it is difficult to draw any general conclusions on the effects of probiotics.
The heterogeneity in endpoints also made it impossible to quantitively evaluate the results. Further,
the quality of the studies is concerning—only 5 of 14 studies were good quality. Nevertheless, despite
the diversity in the studied product formats, populations, and experimental designs, the efficacy of the
probiotic treatment does not appear to be influenced by the study quality.

Properly designed, randomized, double-blind, placebo-controlled studies with a sufficient number
of participants and well-defined endpoints are needed. Studies with a longer duration should also be
considered, with an intermediate analysis of the endpoints—for example, through questionnaires—to
determine the period in which the benefits can be expected and whether they are long-lasting.
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Table S1: Jadad scale rating items of controlled clinical trials [24].

Author Contributions: ].C. and A.C.O. designed, analyzed, and interpreted the data. Both authors drafted the
manuscript and approved the final version of the manuscript. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by DuPont Nutrition & Biosciences.

Acknowledgments: We acknowledge Arja Laitila, R&D manager, DuPont Nutrition & Biosciences, for valuable
comments on the manuscript.


http://www.mdpi.com/2072-6643/12/1/132/s1

Nutrients 2020, 12, 132 13 of 15

Conflicts of Interest: ].C. and A.C.O. were employees of DuPont at the time of the study. DuPont manufactures
and markets probiotics. The authors declare no other conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hunt, R.; Armstrong, D.; Katelaris, PH.; Afihene, M.; Bane, A.; Bhatia, S.; Chen, M.H.; Choi, M.G;
Melo, A.C.; Fock, K.M.; et al. Global perspective on gastroesophageal reflux disease. World Gastroenterology
Organisation Global Guidelines, 2015; pp. 1-37. Available online: https://www.spg.pt/wp-content/uploads/
2015/07/2015-Gastroesophageal-Reflux-Disease-GERD.pdf (accessed on 2 January 2020).

Schmulson, M.].; Drossman, D.A. What Is New in Rome IV. J. Neurogastroenterol. Motil. 2017, 23, 151-163.
[CrossRef]

Benninga, M.A.; Faure, C.; Hyman, PE.; St James Roberts, I.; Schechter, N.L.; Nurko, S. Childhood Functional
Gastrointestinal Disorders: Neonate/Toddler. Gastroenterology 2016, 150, 1443-1455. [CrossRef] [PubMed]
Zeevenhooven, J.; Koppen, L].; Benninga, M.A. The New Rome IV Criteria for Functional Gastrointestinal
Disorders in Infants and Toddlers. Pediatr. Gastroenterol. Hepatol. Nutr. 2017, 20, 1-13. [CrossRef] [PubMed]
Gyawali, C.P; Kahrilas, PJ.; Savarino, E.; Zerbib, F.; Mion, F; Smout, A.; Vaezi, M.; Sifrim, D.; Fox, M.R,;
Vela, M.F,; et al. Modern diagnosis of GERD: The Lyon Consensus. Gut 2018, 67, 1351-1362. [CrossRef]
Revicki, D.A.; Wood, M.; Wiklund, I.; Crawley, J. Reliability and validity of the Gastrointestinal Symptom
Rating Scale in patients with gastroesophageal reflux disease. Qual. Life Res. 1998, 7, 75-83. [CrossRef]
Kusano, M.; Shimoyama, Y.; Sugimoto, S.; Kawamura, O.; Maeda, M.; Minashi, K.; Kuribayashi, S.; Higuchi, T.;
Zai, H.; Ino, K,; et al. Development and evaluation of FSSG: Frequency scale for the symptoms of GERD.
J. Gastroenterol. 2004, 39, 888-891. [CrossRef]

El-Serag, H.B.; Sweet, S.; Winchester, C.C.; Dent, ]. Update on the epidemiology of gastro-oesophageal reflux
disease: A systematic review. Gut 2014, 63, 871-880. [CrossRef]

Chatila, A.T.; Nguyen, M.T.T; Krill, T.; Roark, R.; Bilal, M.; Reep, G. Natural history, pathophysiology and
evaluation of gastroesophageal reflux disease. Dis. Mon. 2019, 22, 100848. [CrossRef]

Savarino, E.; Bredenoord, A.].; Fox, M.; Pandolfino, J.E.; Roman, S.; Gyawali, C.P. International Working
Group for Disorders of Gastrointestinal Motility and Function. Advances in the physiological assessment
and diagnosis of GERD. Nat. Rev. Gastroenterol. Hepatol. 2018, 15, 323. [CrossRef]

Hill, C.; Guarner, E; Reid, G.; Gibson, G.R.; Merenstein, D.].; Pot, B.; Morelli, L.; Canani, R.B.; Flint, H.].;
Salminen, S.; et al. Expert consensus document. The International Scientific Association for Probiotics and
Prebiotics consensus statement on the scope and appropriate use of the term probiotic. Nat. Rev. Gastroenterol.
Hepatol. 2014, 11, 506-514. [CrossRef] [PubMed]

Sanders, M.E.; Heimbach, J.T.; Pot, B.; Tancredi, D.J.; Lenoir-Wijnkoop, I; Lahteenmé&ki-Uutela, A.;
Gueimonde, M.; Bafares, S. Health claims substantiation for probiotic and prebiotic products. Gut Microbes
2011, 2, 127-133. [CrossRef] [PubMed]

Misra, S.; Mohanty, D.; Mohapatra, S. Applications of Probiotics as a Functional Ingredient in Food and Gut
Health. |. Food Nutr. Res. 2019, 7, 213-223.

Hungin, A.P.S.; Mitchell, C.R.; Whorwell, P.; Mulligan, C.; Cole, O.; Agreus, L.; Fracasso, P.; Lionis, C.;
Mendive, J.; de Philippart Foy, ].M.; et al. Systematic review: Probiotics in the management of lower
gastrointestinal symptoms—An updated evidence-based international consensus. Aliment Pharmacol. Ther.
2018, 47, 1054-1070. [CrossRef]

Kleerebezem, M.; Binda, S.; Bron, PA.; Gross, G.; Hill, C.; van Hylckama Vlieg, J.E.; Lebeer, S.; Satokari, R.;
Ouwehand, A.C. Understanding mode of action can drive the translational pipeline towards more reliable
health benefits for probiotics. Curr. Opin. Biotechnol. 2019, 56, 55-60. [CrossRef] [PubMed]

Kristensen, N.B.; Bryrup, T.; Allin, K.H.; Nielsen, T.; Hansen, T.H.; Pedersen, O. Alterations in fecal microbiota
composition by probiotic supplementation in healthy adults: A systematic review of randomized controlled
trials. Genome Med. 2016, 8, 52. [CrossRef]

Grimm, V.; Riedel, C.U. Manipulation of the Microbiota Using Probiotics. Adv. Exp. Med. Biol. 2016,
902, 109-117.

Azad, M.A K,; Sarker, M,; Li, T.; Yin, J. Probiotic Species in the Modulation of Gut Microbiota: An Overview.
BioMed Res. Int. 2018. [CrossRef]


https://www.spg.pt/wp-content/uploads/2015/07/2015-Gastroesophageal-Reflux-Disease-GERD.pdf
https://www.spg.pt/wp-content/uploads/2015/07/2015-Gastroesophageal-Reflux-Disease-GERD.pdf
http://dx.doi.org/10.5056/jnm16214
http://dx.doi.org/10.1053/j.gastro.2016.02.016
http://www.ncbi.nlm.nih.gov/pubmed/27144631
http://dx.doi.org/10.5223/pghn.2017.20.1.1
http://www.ncbi.nlm.nih.gov/pubmed/28401050
http://dx.doi.org/10.1136/gutjnl-2017-314722
http://dx.doi.org/10.1023/A:1008841022998
http://dx.doi.org/10.1007/s00535-004-1417-7
http://dx.doi.org/10.1136/gutjnl-2012-304269
http://dx.doi.org/10.1016/j.disamonth.2019.02.001
http://dx.doi.org/10.1038/nrgastro.2018.32
http://dx.doi.org/10.1038/nrgastro.2014.66
http://www.ncbi.nlm.nih.gov/pubmed/24912386
http://dx.doi.org/10.4161/gmic.2.3.16174
http://www.ncbi.nlm.nih.gov/pubmed/21646865
http://dx.doi.org/10.1111/apt.14539
http://dx.doi.org/10.1016/j.copbio.2018.09.007
http://www.ncbi.nlm.nih.gov/pubmed/30296737
http://dx.doi.org/10.1186/s13073-016-0300-5
http://dx.doi.org/10.1155/2018/9478630

Nutrients 2020, 12, 132 14 of 15

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Keita, A.V.; Soderholm, ].D. Mucosal permeability and mast cells as targets for functional gastrointestinal
disorders. Curr. Opin. Pharm. 2018, 43, 66-71. [CrossRef] [PubMed]

Aiba, Y,; Nakano, Y.; Koga, Y.; Takahashi, K.; Komatsu, Y. A highly acid-resistant novel strain of
Lactobacillus johnsonii No. 1088 has antibacterial activity, including that against Helicobacter pylori, and
inhibits gastrin-mediated acid production in mice. Microbiologyopen 2015, 4, 465-474. [CrossRef]

Urita, Y.; Goto, M.; Watanabe, T.; Matsuzaki, M.; Gomi, A.; Kano, M.; Miyazaki, K.; Kaneko, H. Continuous
consumption of fermented milk containing Bifidobacterium bifidum YIT 10347 improves gastrointestinal and
psychological symptoms in patients with functional gastrointestinal disorders. Biosci. Microb. Food H 2015,
34, 37-44. [CrossRef] [PubMed]

Igarashi, M.; Nagano, J.; Tsuda, A.; Suzuki, T.; Koike, ].; Uchida, T.; Matsushima, M.; Mine, T.; Koga, Y.
Correlation between the Serum Pepsinogen I Level and the Symptom Degree in Proton Pump Inhibitor-Users
Administered with a Probiotic. Pharmaceuticals 2014, 7, 754-764. [CrossRef] [PubMed]

Sun, Q.H.; Wang, H.Y.; Sun, S.D.; Zhang, X.; Zhang, H. Beneficial effect of probiotics supplements in
reflux esophagitis treated with esomeprazole: A randomized controlled trial. World ]. Gastroenterol. 2019,
25,2110-2121. [CrossRef]

Jadad, A.R.; Moore, R.A.; Carroll, D.; Jenkinson, C.; Reynolds, D.].M.; Gavaghan, D.J.; McQuay, H.]. Assessing
the quality of reports of randomized clinical trials: Is blinding necessary? Control. Clin. Trials 1996, 17, 1-12.
[CrossRef]

Gomi, A,; Iino, T.; Nonaka, C.; Miyazaki, K.; Ishikawa, F. Health benefits of fermented milk containing
Bifidobacterium bifidum YIT 10347 on gastric symptoms in adults. J. Dairy Sci. 2015, 98, 2277-2283.
[CrossRef] [PubMed]

Waller, P.A.; Gopal, PK.; Leyer, G.J.; Ouwehand, A.C.; Reifer, C.; Stewart, M.E.; Miller, L.E. Dose-response
effect of Bifidobacterium lactis HN019 on whole gut transit time and functional gastrointestinal symptoms in
adults. Scand. ]. Gastroenterol. 2011, 46, 1057-1064. [CrossRef] [PubMed]

De Milliano, I.; Tabbers, M.M.; van der Post, ].A.; Benninga, M.A. Is a multispecies probiotic mixture effective
in constipation during pregnancy? ‘A pilot study’. Nutr. J. 2012, 11, 80. [CrossRef]

Ianiro, G.; Pizzoferrato, M.; Franceschi, F,; Tarullo, A.; Luisi, T.; Gasbarrini, G. Effect of an extra-virgin olive
oil enriched with probiotics or antioxidants on functional dyspepsia: A pilot study. Eur. Rev. Med. Pharm.
Sci. 2013, 17, 2085-2090.

Nakae, H.; Tsuda, A.; Matsuoka, T.; Mine, T.; Koga, Y. Gastric microbiota in the functional dyspepsia patients
treated with probiotic yogurt. BM]J. Open Gastroenterol. 2016, 3, e000109. [CrossRef]

Ohtsu, T.; Takagi, A.; Uemura, N.; Inoue, K.; Sekino, H.; Kawashima, A.; Uchida, M.; Koga, Y. The
Ameliorating Effect of Lactobacillus gasseri OLL2716 on Functional Dyspepsia in Helicobacter pylori-Uninfected
Individuals: A Randomized Controlled Study. Digestion 2017, 96, 92-102. [CrossRef]

Gomi, A.; Yamaji, K.; Watanabe, O.; Yoshioka, M.; Miyazaki, K.; Iwama, Y.; Urita, Y. Bifidobacterium bifidum
YIT 10347 fermented milk exerts beneficial effects on gastrointestinal discomfort and symptoms in healthy
adults: A double-blind, randomized, placebo-controlled study. J. Dairy Sci. 2018, 101, 4830—4841. [CrossRef]
[PubMed]

Ostlund—Lagerstrém, L.; Kihlgren, A.; Repsilber, D.; Bjorksten, B.; Brummer, R.J.; Schoultz, I. Probiotic
administration among free-living older adults: A double blinded, randomized, placebo-controlled clinical
trial. Nutr. J. 2016, 15, 80. [CrossRef] [PubMed]

Nova, E.; Viadel, B.; Waernberg, J.; Carreres, ].E.; Marcos, A. Beneficial Effects of a Synbiotic Supplement on
Self-Perceived Gastrointestinal Well-Being and Immunoinflammatory Status of Healthy Adults. . Med. Food
2011, 14, 79-85. [CrossRef] [PubMed]

Kim, S.L.; Hilli, L.; Orlowski, J.; Kupperman, J.L.; Baral, M.E,; Waters, R. Efficacy of probiotics and nutrients
in functional gastrointestinal disorders: A preliminary clinical trial. Dig. Dis. Sci. 2006, 51, 2134-2144.
[CrossRef] [PubMed]

Indrio, E; Riezzo, G.; Raimondi, F; Filannino, A.; Bisceglia, M.; Cavallo, L.; Francavilla, R. Lactobacillus
Reuterii accelerates gastric emptying and improves regurgitation in infants. Pediatr. Res. 2010, 68, 42.
[CrossRef]

Quigley, EM.; Quera, R. Small intestinal bacterial overgrowth: Roles of antibiotics, prebiotics, and probiotics.
Gastroenterology 2006, 130, S78-590. [CrossRef]


http://dx.doi.org/10.1016/j.coph.2018.08.011
http://www.ncbi.nlm.nih.gov/pubmed/30216901
http://dx.doi.org/10.1002/mbo3.252
http://dx.doi.org/10.12938/bmfh.2014-017
http://www.ncbi.nlm.nih.gov/pubmed/25918671
http://dx.doi.org/10.3390/ph7070754
http://www.ncbi.nlm.nih.gov/pubmed/24967535
http://dx.doi.org/10.3748/wjg.v25.i17.2110
http://dx.doi.org/10.1016/0197-2456(95)00134-4
http://dx.doi.org/10.3168/jds.2014-9158
http://www.ncbi.nlm.nih.gov/pubmed/25648808
http://dx.doi.org/10.3109/00365521.2011.584895
http://www.ncbi.nlm.nih.gov/pubmed/21663486
http://dx.doi.org/10.1186/1475-2891-11-80
http://dx.doi.org/10.1136/bmjgast-2016-000109
http://dx.doi.org/10.1159/000479000
http://dx.doi.org/10.3168/jds.2017-13803
http://www.ncbi.nlm.nih.gov/pubmed/29573807
http://dx.doi.org/10.1186/s12937-016-0198-1
http://www.ncbi.nlm.nih.gov/pubmed/27612653
http://dx.doi.org/10.1089/jmf.2008.0328
http://www.ncbi.nlm.nih.gov/pubmed/21244240
http://dx.doi.org/10.1007/s10620-006-9297-8
http://www.ncbi.nlm.nih.gov/pubmed/17078006
http://dx.doi.org/10.1203/00006450-201011001-00077
http://dx.doi.org/10.1053/j.gastro.2005.11.046

Nutrients 2020, 12, 132 15 of 15

37.

38.

39.

40.

41.

Du, L.J.; Chen, B.R.; Kim, J.J.; Kim, S.; Shen, J.H.; Dai, N. Helicobacter pylori eradication therapy for functional
dyspepsia: Systematic review and meta-analysis. World ]. Gastroenterol. 2016, 22, 3486-3495. [CrossRef]
Qureshi, N.; Li, P.; Gu, Q. Probiotic therapy in Helicobacter pylori infection: A potential strategy against a
serious pathogen? Appl. Microbiol. Biotechnol. 2019, 103, 1573-1588. [CrossRef]

Zeilstra, D.; Younes, J.A.; Brummer, R.J.; Kleerebezem, M. Perspective: Fundamental Limitations of the
Randomized Controlled Trial Method in Nutritional Research: The Example of Probiotics. Adv. Nutr. 2018,
9, 561-571. [CrossRef]

Matsubara, V.H.; Bandara, H.M.; Ishikawa, K.H.; Mayer, M.P.; Samaranayake, L.P. The role of probiotic
bacteria in managing periodontal disease: A systematic review. Expert Rev. Anti-Infect. Ther. 2016, 14, 643—655.
[CrossRef]

Paludan-Muller, A.; Teindl Laursen, D.R.; Hrobjartsson, A. Mechanisms and direction of allocation bias in
randomised clinical trials. BMC Med. Res. Methodol. 2016, 16, 133. [CrossRef] [PubMed]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3748/wjg.v22.i12.3486
http://dx.doi.org/10.1007/s00253-018-09580-3
http://dx.doi.org/10.1093/advances/nmy046
http://dx.doi.org/10.1080/14787210.2016.1194198
http://dx.doi.org/10.1186/s12874-016-0235-y
http://www.ncbi.nlm.nih.gov/pubmed/27717321
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Definition 
	Epidemiology 
	Pathophysiology 
	Management and Treatment 
	Probiotics and GERD 
	Aim of the Study 

	Method 
	Literature Search 
	Study Selection and Data Extraction 

	Results 
	Discussion 
	Clinical Efficacy and Potential Mechanisms 
	Effects of Product Format on Efficacy 
	Safety 
	Study Quality 

	Conclusions 
	References

