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INTRODUCTION

Dyspepsia is a common 
symptom with a wide range of 
possible causes and underlying 
mechanisms. It affects up to 20% 
of the population worldwide, 
particularly women, smokers, 
and those taking nonsteroidal 
anti-inflammatory drugs. The 
exact prevalence of dyspepsia 
can vary depending on how it is 
defined. It can have a significant 
impact on a person‘s quality 
of life. The number of people 
who seek medical treatment for 
dyspepsia can range from 14-
66% in different countries and 
ethnic groups [1-5].

The global occurrence of 
functional dyspepsia (FD) is 
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ABSTRACT

Functional dyspepsia (FD), a widespread and debilitating digestive disease, is thought to originate from 
disrupted gut-brain communication. The cause of FD is not completely understood, but recent evidence 
suggests it could be due to multiple factors and can vary among different patient groups. Factors like gut 
motility changes, increased sensitivity to pain in the gut, ongoing low-level inflammation, and increased gut 
permeability have all been linked to the development of FD. Additionally, changes in the gut microbiome 
have been suggested to play a significant role in the disease. The gut microbiota in the duodenum could either 
be a cause or a result of the immune and nervous system issues seen in FD, but the ways in which the gut 
flora in the small intestine affects gut function, digestive metabolites and symptoms are not yet clear, more 
studies being needed in order to completely assess the relationship between gastrointestinal microbiota and 
development and progression of FD. 
This review summarizes the available research on the relationship between FD and the microbiota and examines 
the various treatments, including probiotics, that have been shown to relieve symptoms. Finally, suggestions 
for improving diagnosis and treatment for those with FD are presented.
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Abbreviations: EPS: epigastric pain syndrome; FD: functional dyspepsia; H. pylori: Helicobacter pylori; PDS: 
postprandial distress syndrome; ScFAs: short-chain fatty acids.

7.2% according to recent data [2]. Similar data was also 
confirmed in Romania, where the pooled prevalence of 
functional dyspepsia stands at 7.4% [3]. The underlying causes 
of FD are not entirely clear, but several theories have been 
proposed. These theories may differ depending on the subtype 
of FD [postprandial distress syndrome (PDS) and epigastric 
pain syndrome (EPS)] [6]. Functional dyspepsia is suspected 
in patients that present symptoms such as feeling overly full 
after eating, feeling full too soon during a meal or experiencing 
pain in the upper stomach.

The diagnosis of FD is made when the patient meets 
certain symptom-based criteria and other potential causes of 
dyspepsia have been ruled out. This process includes taking a 
patient‘s history, conducting a physical examination, running 
laboratory tests, and performing an endoscopic examination 
to check for any underlying structural or organic issues that 
could be causing the symptoms.

The Rome IV criteria for FD define it as the presence 
of one or more of the following symptoms: feeling overly 
bothersome after eating, feeling full too soon during a meal, 
experiencing pain or burning in the upper stomach, and no 
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evidence of structural or organic disease that could be causing 
the symptoms [7]. According to the Rome IV guidelines, these 
symptoms should have been present for at least the last three 
months and onset of symptoms should have occurred at least 
six months before the diagnosis is made [7]. While these 
criteria for symptom frequency and duration are important 
for defining patient eligibility for research, in clinical practice, 
the diagnosis can be made without strictly adhering to them, 
based on the clinician‘s judgement. In addition, two subtypes of 
FD are recognized based on the predominant symptoms: PDS, 
which is characterized by bothersome feelings of fullness and/
or early satiation after eating, and EPS, which is characterized 
by bothersome pain or burning in the upper stomach that is not 
limited to only occurring after eating. However, it is common 
for patients to have symptoms from both subtypes [6].

The human gastrointestinal tract is one of the largest 
interfaces in the body, with an area of 250-400 square meters. 
Over the course of a lifetime, a person‘s gastrointestinal tract 
will come into contact with a wide variety of microorganisms 
from the environment. These microorganisms can pose 
a significant threat to the integrity of the gut [8]. The gut 
microbiota plays a vital role in maintaining host physiology 
and homeostasis through various mechanisms such as 
maintaining gut barrier function, modulating host energy 
metabolism, providing a barrier against pathogenic organisms 
and modulating the host‘s immune response [9-12]. However, 
an altered microbial composition, or dysbiosis, can disrupt 
these beneficial functions and contribute to the development 
of various pathological conditions.

GUT MICROBIOTA AND FUNCTIONAL 
DYSPEPSIA

Long time it was considered that the stomach is sterile 
because of its low pH. In 1984 Helicobacter pylori (H. pylori) 
was discovered [13]. With the advent of new techniques of 
genomic amplification, a lot of microbacterial species and 
strains have been discovered in the stomach. 

There is increasing attention being focused on the small 
intestine microbiome in relation to functional dyspepsia. 

The gastrointestinal tract is a crucial point of contact 
between the human body and the external environment, 
featuring a diverse microbial community composed of over 
1000 species of commensal bacteria. The composition of 
this microbiome can be impacted by various factors such as 
diet, environmental exposures, and medication, resulting in 
significant interindividual variation. The microbiome plays 

a crucial role in maintaining gut health, such as preserving 
the integrity of the epithelial barrier and modulating the 
mucosal immune system, allowing for tolerance towards both 
commensal microorganisms and digested food antigens. The 
main microorganisms found in the human gastrointestinal 
tract include Proteobacteria, Firmicutes, Actinobacteria, and 
Bacteroidetes, making up over 98% of the total gut microbiota 
[14]. In healthy individuals, Firmicutes tend to predominate, 
followed by Actinobacteria and Bacteroidetes, as seen in 
fecal and intestinal biopsy samples [15]. When this balance 
is disrupted, it can result in pathological changes due to the 
dysbiosis.

The Proteobacteria phylum is present not only in the 
gastrointestinal tract, but also in various parts of the human 
body, such as the skin, mouth. These bacteria can either be 
symbiotic or pathogenic. An increase in the abundance of 
Proteobacteria is an indicator of dysbiosis in the gut microbiota 
and can serve as a potential diagnostic criterion. Actinobacteria 
is a phylum of Gram-positive bacteria known for the radially 
spreading growth pattern of their colonies. Bacteroidetes 
is a prevalent phylum in the gastrointestinal tract of both 
humans and animals, accounting for over 60% of the total 
gut microbiota. Bacteroidetes play a role in carbohydrate 
fermentation, nitrogenous substance utilization, and the 
biotransformation of bile acids and other steroids in the 
human gut [16-17]. Brown et al. described the taxonomy of 
the intestinal microbiota using the main bacterial phyla [18] 
(Table I).

Zhong at al. [19] showed an increased abundance 
of Streptococcus in patients with FD when compared to 
healthy controls and lower number of Prevotella, Veillonella, 
Leptotrichia, Actinomyces in these patients. The increased 
number of Streptococcus was further confirmed and positively 
correlated with the severity of upper gastrointestinal symptoms. 
It was also shown an increased abundance of Firmicutes 
genus [20]. Additionally, the beta diversity of the mucosal 
microbiota in the duodenum was found to be significantly 
different between patients and controls, despite unchanged 
alpha diversity, suggesting that the disease may be associated 
with a more complex change in the microbiota structure, rather 
than just alterations in the relative abundance of specific genera 
[20]. Dyspeptic patients showed an increase in anaerobic 
metabolism in the gastric microbial community along with a 
rise in Pseudoclavibacter and Tannerella, a heightened presence 
of Veillonella, Cohnella, Sporolactobacillus, and Propionigenium 
in saliva, and a greater occurrence of Rothia, Clostridium, 
Haemophilus, and Actinobacillus species in the duodenum [21]. 

Table I. Small intestinal microbiota that have key role in dysbiosis. Adapted from Brown et. al [18] 

GRAM NEGATIVE GRAM POSITIVE

Bacteroidetes Proteobacteria Firmicutes Actinobacteria

Prevotella
Tannerella
Bacteroides

Porphyromonas

Neisseria
Shigella

Klebsiella
Escherichia

Enterobacter
Haemophilus 
Helicobacter 

Campylobacter 

Bacillus
Staphylococcus

Cohnella
Sporolactobacillus

Lactobacillus
Enterococcus
Clostridium

Faecalibacterium

Actinomyces
Pseudiclavibacter

Rothia



104� Fărcaș et al.

J Gastrointestin Liver Dis, March 2024 Vol. 33 No 1: 102-106

In a recent study, a new strain of Streptococcus was isolated from 
the duodenal tissue of a dyspeptic patient and characterized 
through its genomic features. It was identified as a taxonomic 
match to Streptococcus salivarius [22]. Igarashi et al. showed 
increased levels of Bacteroides/Proteobacteria in patients with 
FD [23]. Microbial alterations in functional dyspepsia are 
shown in Table II.

Microbiota Metabolites and Functional Dyspepsia 
The gut microbiome has a sophisticated metabolic system 

within the human body. It not only sustains its own growth 
and reproduction by utilizing energy sources, but also has 
the ability to produce a wide array of metabolites from the 
intestinal contents and the mucus secreted by the intestinal 
lining. These metabolites, including short-chain fatty acids 
(ScFA), cholic acid, choline byproducts, can impact human 
health both positively and negatively and are linked to the 
development and progression of many illnesses.

The primary producers of short-chain fatty acids 
(ScFAs) are bacteria from the Clostridium group within the 
Firmicutes phylum, as well as Lactobacillus, Bifidobacterium, 
Eubacteriaceae, and fecal bacteria. These microorganisms 
generate ScFAs from dietary fiber, resistant starch, 
oligosaccharides, and other indigestible compounds in the 
gut [24]. Research has demonstrated that ScFAs have the ability 
to maintain the pH level in the intestine, boost the absorption 
of water, sodium, calcium, magnesium, and other elements, 
and serve as a source of energy for up to 70% of the energy 
requirements of intestinal epithelial cells, with butyric acid 
being particularly significant [25]. Short-chain fatty acids have 
the ability to suppress the growth and proliferation of harmful 
bacteria and the activity of inflammation-causing substances 
in the intestine, thereby having an anti-inflammatory effect in 
the gut and are also capable of maintaining the integrity of gap 
junctions in the intestine [26].

Lipid metabolites, such as cholesterol, lipopolysaccharide 
(LPS), peptidoglycan, and sphingolipids, are produced 
primarily by bacteria including Bifidobacterium, Lactobacillus, 
Enterobacteriaceae, and Clostridium. Research has demonstrated 
that these metabolites can impact gut permeability and immune 
function. LPS, which is often produced as a result of the death 
and breakdown of Gram-negative bacteria, triggers the release 
of inflammatory factors such as tumor necrosis factor alpha 
(TNFα), interleukin-1β (IL-1β), interferon-gamma (IFNγ), 
and interleukin-8 (IL-8), leading to an immune response and 
inflammation [27]. 

The intestinal symbiotic bacteria Bacteroidetes and 
Prevotellaceae have been shown to produce sphingolipids. 

Animal studies have revealed that these lipids can exacerbate 
intestinal inflammation [28].

Clostridium sporogenes and Escherichia coli produce indole-
derived metabolites through fermentation. These metabolites 
have the ability to regulate gastrointestinal disorders by 
influencing the brain-gut axis and guarding against stress-
induced harm in the gut. Tryptophan, a key neurotransmitter 
involved in the regulation of central neurotransmission and 
gut function, is part of this process. Research has indicated that 
the gut microbiome can regulate the brain-gut axis through 
the metabolic processing of tryptophan [29].

Helicobacter Pylori and Functional Dyspepsia
Studies have established a link between H. pylori 

infection and dyspeptic symptoms, with H. pylori infection 
being identified as a significant contributing factor in the 
development and progression of FD. The mechanism of action 
may involve inflammation of the gastrointestinal mucosa 
and disruptions to gut motility [30]. Follow-up studies on 
individuals infected with H. pylori showed that they have an 
increased risk of developing FD [31]. However, treatment 
aimed at eradicating H. pylori has been found to be effective 
in improving symptoms in patients with H. pylori-associated 
dyspepsia. H. pylori infection not only influences the gut 
microbiome but also microbial metabolism, which in turn 
can impact the occurrence and progression of FD through 
various pathways [32]. 

TARGETING MICROBIOTA AS A 
TREATMENT IN FUNCTIONAL 
DYSPEPSIA

Since dysbiosis of the gastrointestinal microbiota is closely 
related to the occurrence and progression of FD, regulation of 
the gastrointestinal microbiota becomes one of the potential 
therapeutic modalities for FD.

A clinical randomized control trial found that treatment 
of FD using a combination of probiotics (Bacillus coagulans, 
Bacillus clausii, and Bacillus subtilis) was more effective than 
a placebo in improving symptoms such as burping, bloating, 
belching, and acid reflux in patients. The results showed a 
significant difference between the treatment and placebo 
groups [16]. Another randomized controlled trial evaluated 
the efficacy of probiotics (Bacillus coagulans MY01 and Bacillus 
subtilis MY02) versus a placebo in treating FD patients. The 
results showed that the treatment group using probiotics was 
more effective than the placebo group, however, there was no 
significant difference observed in the efficacy between the 

Table II. Microbial alterations in functional dyspepsia

Author, Year, Country Increased Microbes Decreased Microbes

Zhong et al., 2016, Australia [19] Streptococcus Prevotella,Veillonella, Leptotrichia, 
Actinomyces

Fukui et al., 2019, Japan [20] Firmicutes, Streptococcus

Wauters et al., 2021, Belgium [17] Neisseria, Porphyromonas

Igarashi et al., 2017, Japan [23] Bacteroides/Proteobacteria
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placebo group who were also taking proton pump inhibitors 
and the treatment group [17].

In a double-blind, randomized controlled trial, 116 
individuals with functional dyspepsia (FD) who were negative 
for H. pylori infection were assigned to either consume a 
daily yoghurt containing Lactobacillus gasseri OLL2716 or a 
placebo (a fermented milk product without L. gasseri) for a 
12-week period. The study found that there was no significant 
difference in the overall impact on gastric symptoms as assessed 
by a questionnaire where participants rated the severity of FD 
and accompanying symptoms (p=0.073). However, a higher 
elimination rate of FD symptoms was observed in the group 
taking probiotics (17.3% compared to 35.2% in the placebo 
group, p=0.048). This result was observed in participants with 
PDS but not in those with EPS [33].

Broad spectrum antibiotics were considered in order to 
target the more-prevalent species in patients with FD. Rifaximin 
is a broad-spectrum antibiotic that has large coverage, including 
gram-negative and gram-positive, aerobic and anaerobic 
bacteria that has minimal absorption in the digestive tract 
and also minimal systemic adverse effects. When given to 
patients with small intestinal bacterial overgrowth, rifaximin 
was superior in treating dyspeptic symptoms in 79% of 
patients, compared to 47% in placebo group [34]. There was 
a randomized, double-blind, placebo-controlled trial aimed at 
evaluating the efficacy and safety of rifaximin in the treatment 
of functional dyspepsia. The results of the study showed that 
rifaximin was more effective than placebo in providing adequate 
relief of dyspeptic symptoms at week 8. 78% of the subjects in 
the rifaximin group experienced adequate relief compared to 
only 52% in the placebo group (p=0.02). A similar trend was 
also observed in the preceding 4 weeks. Rifaximin was also 
found to be more effective than placebo in providing relief from 
belching and post-prandial fullness/bloating (PPF) in subjects 
at week 4. A subgroup analysis revealed that female subjects had 
a more significant response to rifaximin treatment, with more 
adequate relief of dyspeptic symptoms (GDS) at week 4 (76% 
vs. 42%, p=0.006) and week 8 (79% vs. 47%, p=0.008), as well 
as improvements in belching and PPF at week 4. The incidence 
of adverse effects was similar in both groups, indicating that 
rifaximin was generally well tolerated [35]. 

CONCLUSIONS

Several factors such as diet, lifestyle, medication, genetics, 
environmental conditions, and stress levels, can impact the 
composition and structure of the human gut microbiome.

The main mechanisms behind FD caused by dysbiosis of 
the gut microbiota can be broadly categorized by the abnormal 
composition and abundance of the gut microbiota itself that 
leads to digestive tract dysfunction, and secondly, by changes 
in metabolites due to the alteration of the gut microbiota result 
in abnormal digestive tract function. 

Further research is needed to better understand the 
underlying mechanisms of FD by studying the small intestinal 
microbiome in combination with levels and functions of 
immune cells. This will lead to the development of more 
advanced diagnostic methods and effective therapeutic 
solutions for this debilitating condition. 

Conflicts of interest: None to declare.

Author’s contribution: R.A.F. and D.L.D conceived and designed the 
study. S.G and C.G. collected and analysed the data. R.A.F. Drafted 
the manuscript. S.G. edited the paper. D.L.D. revised the paper for 
intellectual content. All the authors approved the final version of the 
manuscript.

REFERENCES 

	 1.	 Ford AC, Mahadeva S, Carbone MF, Lacy BE, Talley NJ. Functional 
dyspepsia. Lancet 2020;396:1689. doi:10.1016/S0140-6736(20)30469-4

	 2.	 Sperber AD, Bangdiwala SI, Drossman DA, et al. Worldwide Prevalence 
and Burden of Functional Gastrointestinal Disorders, Results of Rome 
Foundation Global Study. Gastroenterology 2021;160:99-114.e3. 
doi:10.1053/j.gastro.2020.04.014

	 3.	 Dumitrascu DL, Freud T, Ismaiel A, Bangdiwala SI, Palsson OS, Sperber 
AD. Epidemiology and Burden of Disorders of Gut-Brain Interaction 
in Romania: A Subgroup Analysis of the Rome Foundation Global 
Epidemiology Study. J Gastrointestin Liver Dis 2022;31:273-282. 
doi:10.15403/jgld-4380

	 4.	 Hantoro IF, Syam AF, Mudjaddid E, et al. Factors associated with health-
related quality of life in patients with functional dyspepsia. Health Qual 
Life Outcomes 2018;16:83. doi:10.1186/s12955-018-0913-z

	 5.	 Koloski NA, Talley NJ, Boyce PM. Predictors of health care seeking for 
irritable bowel syndrome and nonulcer dyspepsia: a critical review of 
the literature on symptom and psychosocial factors. Am J Gastroenterol 
2001;96:1340-1349. doi:10.1111/j.1572-0241.2001.03789.x

	 6.	 Vanheel H, Carbone F, Valvekens L, et al. Pathophysiological 
Abnormalities in Functional Dyspepsia Subgroups According to the 
Rome III Criteria. Am J Gastroenterol 2017;112:132-140. doi:10.1038/
ajg.2016.499

	 7.	 Stanghellini V, Chan FK, Hasler WL, et al. Gastroduodenal Disorders. 
Gastroenterology 2016;150:1380-1392. doi:10.1053/j.gastro.2016.02.011

	 8.	 Bengmark S. Ecological control of the gastrointestinal tract. The role 
of probiotic flora. Gut 1998;42:2-7. doi:10.1136/gut.42.1.2

	 9.	 Natividad JM, Verdu EF. Modulation of intestinal barrier by intestinal 
microbiota: pathological and therapeutic implications. Pharmacol Res 
2013;69:42-51. doi:10.1016/j.phrs.2012.10.007

	 10.	 den Besten G, van Eunen K, Groen AK, Venema K, Reijngoud DJ, Bakker 
BM. The role of short-chain fatty acids in the interplay between diet, 
gut microbiota, and host energy metabolism. J Lipid Res 2013;54:2325-
2340. doi:10.1194/jlr.R036012

	 11.	 Bäumler AJ, Sperandio V. Interactions between the microbiota and 
pathogenic bacteria in the gut. Nature 2016;535:85-93. doi:10.1038/
nature18849

	 12.	 Gensollen T, Iyer SS, Kasper DL, Blumberg RS. How colonization 
by microbiota in early life shapes the immune system. Science 
2016;352:539-544. doi:10.1126/science.aad9378

	 13.	 Marshall BJ, Warren RM. Unidentified curved bacilli in the stomach of 
patients with gastritis and peptic ulceration. Lancet. 1984;16:1311–1315. 
doi: 10.1016/S0140-6736(84)91816-6

	 14.	 Huang X, Fan X, Ying J, Chen S. Emerging Trends and Research Foci 
in Gastrointestinal Microbiome. J Transl Med 2019;17:67. doi:10.1186/
s12967-019-1810-x

	 15.	 Vaga S, Lee S, Ji B, et al. Compositional and Functional Differences of 
the Mucosal Microbiota along the Intestine of Healthy Individuals. Sci 
Rep 2020;10:14977. doi:10.1038/s41598-020-71939-2

https://dx.doi.org/10.1016/S0140-6736(20)30469-4
https://dx.doi.org/10.1053/j.gastro.2020.04.014
https://dx.doi.org/10.15403/jgld-4380
https://dx.doi.org/10.1186/s12955-018-0913-z
https://dx.doi.org/10.1111/j.1572-0241.2001.03789.x
https://dx.doi.org/10.1038/ajg.2016.499
https://dx.doi.org/10.1038/ajg.2016.499
https://dx.doi.org/10.1053/j.gastro.2016.02.011
https://dx.doi.org/10.1136/gut.42.1.2
https://dx.doi.org/10.1016/j.phrs.2012.10.007
https://dx.doi.org/10.1194/jlr.R036012
https://dx.doi.org/10.1038/nature18849
https://dx.doi.org/10.1038/nature18849
https://dx.doi.org/10.1126/science.aad9378
http://10.1016/S0140-6736%2884%2991816-6
https://dx.doi.org/10.1186/s12967-019-1810-x
https://dx.doi.org/10.1186/s12967-019-1810-x
https://dx.doi.org/10.1038/s41598-020-71939-2


106� Fărcaș et al.

J Gastrointestin Liver Dis, March 2024 Vol. 33 No 1: 102-106

	 16.	 Soman RJ, Swamy MV. A prospective, randomized, double-blind, 
placebo-controlled, parallel-group study to evaluate the efficacy 
and safety of SNZ TriBac, a three-strain Bacillus probiotic blend 
for undiagnosed gastrointestinal discomfort. Int J Colorectal Dis 
2019;34:1971-1978. doi:10.1007/s00384-019-03416-w

	 17.	 Wauters L, Slaets H, De Paepe K, et al. Efficacy and safety of spore-forming 
probiotics in the treatment of functional dyspepsia: a pilot randomised, 
double-blind, placebo-controlled trial. Lancet Gastroenterol Hepatol 
2021;6:784-792. doi:10.1016/S2468-1253(21)00226-0

	 18.	 Brown G, Hoedt EC, Keely S, et al. Role of the duodenal microbiota 
in functional dyspepsia. Neurogastroenterol Motil 2022;34:e14372. 
doi:10.1111/nmo.14372

	 19.	 Zhong L, Shanahan ER, Raj A, et al. Dyspepsia and the microbiome: time 
to focus on the small intestine. Gut 2017;66:1168–1169. doi:10.1136/
gutjnl-2016-312574

	 20.	 Fukui A, Takagi T, Naito Y, et al. Higher levels of streptococcus 
in upper gastrointestinal mucosa associated with symptoms in 
patients with functional dyspepsia. Digestion 2020;101:38–45. 
doi:10.1159/000504090

	 21.	 Cervantes J, Michael M, Hong BY. Investigation of oral, gastric, and 
duodenal microbiota in patients with upper gastrointestinal symptoms. 
J Investig Med 2021;69:870–877. doi:10.1136/jim-2020-001642 

	 22.	 Hoedt EC, Shanahan ER, Keely S, et al. Draft genome sequence 
of streptococcus salivarius AGIRA0003, isolated from functional 
gastrointestinal disorder duodenal tissue. Microbiol Resour Announc 
2021;10:e0075821. doi:10.1128/MRA.00758-21

	 23.	 Igarashi M, Nakae H, Matsuoka T, et al. Alteration in the gastric 
microbiota and its restoration by probiotics in patients with functional 
dyspepsia. BMJ Open Gastroenterol 2017;4:e000144. doi:10.1136/
bmjgast-2017-000144

	 24.	 Markowiak-Kopeć P, Śliżewska K. The Effect of Probiotics on 
the Production of Short-Chain Fatty Acids by Human Intestinal 
Microbiome. Nutrients 2020;12:1107. doi:10.3390/nu12041107

	 25.	 Serpa J, Caiado F, Carvalho T, et al. Butyrate-rich colonic 
microenvironment is a relevant selection factor for metabolically 
adapted tumor cells. J Biol Chem 2010;285:39211-3923. doi:10.1074/
jbc.M110.156026

	 26.	 Havenaar R. Intestinal health functions of colonic microbial metabolites: 
a review. Benef Microbes 2011;2:103-114. doi:10.3920/BM2011.0003

	 27.	 Alexandrov PN, Hill JM, Zhao Y, et al. Aluminum-induced generation 
of lipopolysaccharide (LPS) from the human gastrointestinal (GI)-
tract microbiome-resident Bacteroides fragilis. J Inorg Biochem 
2020;203:110886. doi:10.1016/j.jinorgbio.2019.110886

	 28.	 Brown EM, Ke X, Hitchcock D, et al. Bacteroides-Derived Sphingolipids 
Are Critical for Maintaining Intestinal Homeostasis and Symbiosis. Cell 
Host Microbe 2019;25:668-680.e7. doi:10.1016/j.chom.2019.04.002

	 29.	 Gao K, Mu CL, Farzi A, Zhu WY. Tryptophan Metabolism: A Link 
Between the Gut Microbiota and Brain. Adv Nutr 2020;11:709-723. 
doi:10.1093/advances/nmz127

	 30.	 Kim YJ, Chung WC, Kim BW, et al. Is Helicobacter pylori Associated 
Functional Dyspepsia Correlated With Dysbiosis? J Neurogastroenterol 
Motil 2017;23:504-516. doi:10.5056/jnm17066

	 31.	 Loor A, Dumitrascu DL, Surdea-Blaga T, Leucuta DC, David L. 
Helicobacter pylori infection and positive Rome IV criteria for 
functional dyspepsia in Romanian medical students. J Med Life 
2021;14:492-497. doi:10.25122/jml-2021-0163

	 32.	 White B, Sterrett JD, Grigoryan Z, Lally L, Heinze JD, Alikhan H, et al. 
Characterization of gut microbiome and metabolome in Helicobacter 
pylori patients in an underprivileged community in the United States. 
World J Gastroenterol. 2021 Sep 7;27(33):5575-5594. doi: 10.3748/wjg.
v27.i33.5575

	 33.	 Ohtsu T, Takagi A, Uemura N, et al. The Ameliorating Effect of 
Lactobacillus gasseri OLL2716 on Functional Dyspepsia in Helicobacter 
pylori-Uninfected Individuals: A Randomized Controlled Study. 
Digestion 2017;96:92-102. doi:10.1159/000479000

	 34.	 Furnari M, Parodi A, Gemignani L, et al. Clinical trial: the combination 
of rifaximin with partially hydrolysed guar gum is more effective than 
rifaximin alone in eradicating small intestinal bacterial overgrowth. 
Aliment Pharmacol Ther 2010;32:1000–1006. doi:10.1111/j.1365-
2036.2010.04436.x

	 35.	 Tan VP, Liu KS, Lam FY, Hung IF, Yuen MF, Leung WK. Randomised 
clinical trial: rifaximin versus placebo for the treatment of functional 
dyspepsia. Aliment Pharmacol Ther 2017;45:767-776. doi:10.1111/
apt.13945

https://dx.doi.org/10.1007/s00384-019-03416-w
https://dx.doi.org/10.1016/S2468-1253(21)00226-0
https://dx.doi.org/10.1111/nmo.14372
https://dx.doi.org/10.1136/gutjnl-2016-312574
https://dx.doi.org/10.1136/gutjnl-2016-312574
https://dx.doi.org/10.1159/000504090
https://dx.doi.org/10.1136/jim-2020-001642
https://dx.doi.org/10.1128/MRA.00758-21
https://dx.doi.org/10.1136/bmjgast-2017-000144
https://dx.doi.org/10.1136/bmjgast-2017-000144
https://dx.doi.org/10.3390/nu12041107
https://dx.doi.org/10.1074/jbc.M110.156026
https://dx.doi.org/10.1074/jbc.M110.156026
https://dx.doi.org/10.3920/BM2011.0003
https://dx.doi.org/10.1016/j.jinorgbio.2019.110886
https://dx.doi.org/10.1016/j.chom.2019.04.002
https://dx.doi.org/10.1093/advances/nmz127
https://dx.doi.org/10.5056/jnm17066
https://dx.doi.org/10.25122/jml-2021-0163
https://dx.doi.org/10.1159/000479000
https://dx.doi.org/10.1111/j.1365-2036.2010.04436.x
https://dx.doi.org/10.1111/j.1365-2036.2010.04436.x
https://dx.doi.org/10.1111/apt.13945
https://dx.doi.org/10.1111/apt.13945

