
nutrients

Article

The Effect of Ursodeoxycholic Acid on Small
Intestinal Bacterial Overgrowth in Patients
with Functional Dyspepsia: A Pilot Randomized
Controlled Trial

Bom-Taeck Kim, Kwang-Min Kim and Kyu-Nam Kim *

Department of Family Practice and Community Health, Ajou University School of Medicine,
Suwon 16499, Korea; lovesong@ajou.ac.kr (B.-T.K.); gaksi@ajou.ac.kr (K.-M.K.)
* Correspondence: ktwonm@hanmail.net; Tel.: +82-31-219-5309; Fax: +82-31-219-5218

Received: 3 April 2020; Accepted: 13 May 2020; Published: 14 May 2020
����������
�������

Abstract: Functional dyspepsia (FD) is associated with small intestinal bacterial overgrowth
(SIBO). Several animal studies have reported that ursodeoxycholic acid (UDCA) has antibacterial
and anti-inflammatory effects in the intestine. We hypothesized that UDCA may be effective against
dyspeptic symptoms and SIBO in patients with FD. We conducted this randomized controlled
trial to investigate the effects of UDCA in FD patients with SIBO. Twenty-four patients diagnosed
with FD and SIBO based on lactulose breath test (LBT) were randomly assigned to either a UDCA
treatment group or an untreated group. The treatment group received 100 mg of UDCA three times
per day for two months; the untreated group was monitored for two months without intervention.
After two months in both groups, we reevaluated LBT and FD symptoms using the Nepean dyspepsia
index-K. FD symptoms in the UDCA-treated group were significantly reduced after two months
compared with baseline and FD symptom scores between the UDCA-treated and untreated groups
showed statistically significant differences after two months. In addition, the total methane gas levels
for 90 minutes in LBT were significantly decreased after two months compared with baseline in
the UDCA-treated group. In this preliminary exploratory study, we found that two months of UDCA
treatment resulted in FD symptom improvement and reduced methane values during 90 minutes
on the LBT, suggesting that methane-producing SIBO were associated with symptoms of dyspepsia
and that UDCA was helpful in these patients. These findings need to be validated via large-scale
controlled and well-designed studies.
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1. Introduction

Functional dyspepsia (FD) is a functional digestive disorder characterized by one or more
of the following symptoms: postprandial fullness, early satiation, epigastric pain and epigastric
burning [1]. Although the causes of FD include Helicobacter pylori infection, visceral hypersensitivity
and disturbed gastric motility [2–5], emerging evidence suggests that intestinal bacterial imbalance,
particularly small intestinal bacterial overgrowth (SIBO), may also be one of the causes underlying
FD [6,7]. Indeed, a shift in paradigm suggests that the role of SIBO is important in the development of
FD. In a recent study, SIBO measured by hydrogen breath test was indicated for the clinical management
of patients with suspected FD [8]. In another study, FD patients’ symptoms improved after two weeks
of treatment with non-absorbing antibiotic rifaximin, which was effective in treating SIBO [9].

Ursodeoxycholic acid (UDCA) is one of the secondary bile acids secreted in the body and is
used as a representative liver supplement. Primary bile acids (cholic and chenodeoxycholic acids)
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formed in the liver are secreted into the intestine, and upon encountering beneficial bacteria in
the intestine, form secondary bile acids such as deoxycholic acid, lithocholic acid and UDCA via
dehydroxylation [10,11]. Secondary bile acids perform classical functions including digestion of dietary
lipids and fat-soluble vitamins in the intestine; however, recent animal studies have reported that these
acids, especially UDCA, play an important role in balancing intestinal bacteria by inhibiting harmful
bacteria [12,13]. In addition, some studies have demonstrated the advantages of UDCA in patients
with gut dysbiosis [14,15]. Thus, UDCA has direct or indirect antimicrobial effects and modulates
the composition of microbiota [16]. However, these studies in humans have focused on the bacterial
imbalance in the large intestine, and no study has investigated the effect of UDCA on FD combined
with SIBO. Therefore, we hypothesize that treatment with UDCA improves upper gastrointestinal
symptoms and SIBO in patients with FD. In this randomized controlled trial, we investigated whether
dyspepsia symptoms and SIBO improved when FD patients whose SIBO was confirmed by a breath
test were treated with UDCA.

2. Materials and Methods

2.1. Study Populations and Design

We recruited patients with FD corresponding to Rome IV via detailed interviews during their
visit to Ajou University Health Promotion Center or Department of Family Medicine as outpatients
with digestive symptoms from May 2019 to December 2019. The Rome IV criteria define FD as one
of the four symptoms (postprandial fullness, early satiation, epigastric pain and epigastric burning)
occurring for at least six months before diagnosis and persisting for the last three months. In addition,
endoscopic examination should reveal no underlying structural abnormalities.

All patients diagnosed with FD underwent the hydrogen/methane breath test for SIBO and the urea
breath test for Helicobacter pylori infection. Patients with FD were excluded from this study if they
had a history of: (i) gastrointestinal ulcers or inflammatory bowel diseases such as Crohn’s disease
or ulcerative colitis; (ii) gastrectomy or intestinal resection (except appendectomy); or (iii) viral
liver disease (types A, B and C), cirrhosis or any cancer; (iv) blood tests whose serum aspartate
aminotransferase (AST), alanine aminotransferase (ALT) or gamma-glutamyltransferase (GGT) levels
were more than three-fold higher than the normal range or whose serum creatinine levels were greater
than 1.5-fold the normal range;(v) chronic renal failure, congestive heart failure and thyroid disease;
(vi) persistent alcohol consumption (at least four bottles of soju per week, i.e., at least 240 g of alcohol
per week); or (vii) severe biliary obstruction.

We confirmed each patient’s medical history by esophagogastroduodenoscopy and blood tests
performed at the health promotion center or on an outpatient basis within the three months prior to
screening. Colonoscopy findings were based on patients’ medical records within the last two years.
Twenty-four patients with SIBO diagnosed with FD were enrolled and randomly assigned (1:1) to
either the UDCA-treated (URUSA®; Daewoong Pharmaceutical, Seoul, Korea) or the untreated group
via block randomization. The UDCA group received 100 mg of UDCA three times per day for two
months, and the untreated group was monitored for two months without intervention. Participants in
both the UDCA and untreated groups completed a questionnaire for FD and a breath test for SIBO
at baseline and two months later.

We planned the current study including 10 patients in the UDCA group and 10 in the untreated
group and recruited 12 participants in each group considering the dropout rate of 20%. After two
months, two subjects dropped out of the UDCA-treated group (one refused to participate in the study
because of epigastric soreness and another withdrew consent), and three subjects from the untreated
group withdrew consent. Finally, 10 patients in the UDCA-treated group and nine in the untreated
group completed the study (Figure 1).

In both groups, participants were banned from using antibiotics, prebiotics and probiotics
and medications (H2 blocker, proton pump inhibitor and prokinetics). We classified patients
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into smokers and nonsmokers depending on their smoking history at the time of hospital visit.
We measured alcohol consumption as grams of ethanol consumed per week using the graduated
frequency method [17]. We confirmed the presence or absence of current history of hypertension,
diabetes and hyperlipidemia via medical records or interviews.
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Figure 1. Flow chart outlining the current study protocol.

All subjects provided informed consent for inclusion before they participated in the study.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved
by the Ethics Committee of Ajou University Hospital (approval no.: AJIRB-MED-CT4-18–451). I have
received Written Inform Consent from all participant patients. The clinical trial number was acquired
from the Clinical Research Information Service (CRIS registration number: KCT0004910).

2.2. Measurements

2.2.1. Gastrointestinal Symptoms

The questionnaire about dyspepsia measured each patient’s Nepean dyspepsia index-K (NDI-K),
which has been validated in Korea [18]. The NDI-K is based on 15 symptoms: epigastric pain, epigastric
discomfort, epigastric soreness, chest soreness, stomach cramps, chest pain, early satiation, gastric
acid reflux, postprandial fullness, epigastric pressure, upper abdominal bloating, nausea, belching,
vomiting and poor breathing. Frequency of symptoms was scored along five time ranges based on
the number of days the patient manifested the symptoms over the previous two weeks (0 = not at all,
1 = 1–4 days, 2 = 5–8 days, 3 = 9–12 days, 4 = daily or almost every day). The intensity of the symptoms
was measured as one of five levels: 0 = none, 1 = very weak, 2 = weak, 3 = slightly severe, 4 = severe
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and 5 = very severe. Because the normal range of FD using NDI-K has yet to be defined, we defined
adequate relief of FD symptoms as NDI-K score reduction greater than 30% compared with the baseline.

2.2.2. Lactulose Breath Test

The lactulose breath test (LBT) was performed after 12 hours of fasting for baseline measurements
before the subjects ingested 15 mL of syrup containing 10 g lactulose (Duphalac®; Choongwae
Pharma Corporation, Seoul, Korea). After patients consumed 10 g of the lactulose, their breath was
tested every 20 minutes during the first hour and then every 15 minutes per hour, subsequently.
The hydrogen/methane concentration in the sample was measured immediately using a Breath Tracker
SC Quintron gas chromatograph (Quintron Instrument Company, Milwaukee, WI, USA). We defined
a positive LBT based on one of the following criteria: 1) a CH4 ≥ 10 ppm at any time or 2) an increase
in H2 ≥ 20 ppm or in CH4 ≥ 10 ppm above the baseline between 20 and 90 minutes after lactulose
ingestion [19].

2.3. Statistical Analysis

We analyzed the data of the 10 UDCA-treated and nine untreated patients, using
the Kolmogorov–Smirnov test to determine whether continuous variables (NDI-K, the sum of
hydrogen/methane gas values for 90 minutes, blood chemistry) were normally distributed, and p > 0.05
was significant. Thus, we compared the continuous variables between groups at baseline and after two
months using the independent t-test and a paired t-test for comparison. We also compared categorical
variables, including sociodemographic variables, baseline clinical variables, proportion of patients
with adequate relief of FD symptoms, and SIBO prevalence in both groups using Fisher’s exact test or
the chi-squared test.

3. Results

Table 1 shows the baseline characteristics of the subjects; none of the variables (age, weight, NDI-K,
alcohol consumption per week and Helicobacter infection) showed statistically significant differences
between the two groups. We classified subjects with postprandial fullness and early satiation into PDS,
and those with epigastric pain and epigastric burning into EPS and the difference in prevalence of PDS
and EPS in the two groups was not statistically different. One patient in the UDCA treatment group
and three in the untreated group manifested both PDS and EPS.

Table 1. Baseline characteristics of the study subjects.

UDCA (n = 10) Untreated (n = 9) p

Age (years) 50.4 ± 9.7 48.3 ± 14.6 0.719

Weight (kg) 69.0 ± 12.7 68.7 ± 14.2 0.972

Men (n,%) 6, 60% 5, 55% 0.845

Nepean dyspepsia index-K (score) 37.2 ± 19.5 38.0 ± 18.0 0.927

FD subtype

PDS (n,%) 9, 90% 6, 66% 0.576

EPS (n,%) 1, 10% 3, 33% 0.672

Helicobacter pylori infection prevalence (n,%) 3, 30% 2, 22% 0.708

Current smoker (n,%) 0, 0% 1, 11% 0.541

Weekly alcohol intake (g/week) 93.5 ± 84.6 72.0 ± 56.8 0.608

Diabetes (n,%) 1, 10% 2, 22% 0.653

Hypertension (n,%) 0, 0 1, 11 0.541

Dyslipidemia (n,%) 1, 10 1, 11 0.452

UDCA—ursodeoxycholic acid; FD—functional dyspepsia; PDS—post-prandial distress; EPS—epigastric
pain syndrome.
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Figure 2 shows the NDI-K scores at baseline and at the end of the study (after two months),
suggesting a statistically significant decrease in NDI-K scores after two months in the group treated
with UDCA (baseline vs. 2 months: 37.2 ± 19.5 vs. 20.2 ± 11.6, p = 0.022). After two months, the NDI-K
scores of the UDCA—and untreated groups also showed statistically significant differences (20.2 ±
11.6 vs. 37.6 ± 21.0, p = 0.037). Furthermore, although there was no statistically significant difference,
a greater proportion of patients in the UDCA group compared with the untreated group had relief of
FD-related symptoms during the study period (60.0% vs. 22.2%, p = 0.170; Figure 3).
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Figure 2. NDI-K scores at baseline and at 2 months. In the group using UDCA, there was a statistically
significant decrease in NDI-K score after 2 months (UDCA group: baseline vs. after 2 months; 37.2
± 19.5 vs. 20.2 ± 11.6, p = 0.022; untreated group: 38.0 ± 18.0 vs. 37.6 ± 21.0, p = 0.950). In addition,
there was a statistically significant difference in the NDI-K score between the UDCA-treated group
and the untreated group at 2 months (p = 0.037). Bar graph shows the mean with the standard deviation.

Table 2 shows the prevalence of SIBO for each group based on hydrogen or methane gas
production at baseline and after two months. In the UDCA group, the number of subjects with
hydrogen-producing SIBO decreased from 4 (40%) to 1 (10%) after two months, and the number
of those with methane-producing SIBO decreased from 8 (80%) to 4 (40%). In the untreated group,
the number of patients with SIBO that produced hydrogen at baseline and two months later remained
unchanged (2). The number of subjects with methane-producing SIBO decreased from 9 (100%) to 4
(44%). However, there was no statistically significant difference between the two groups at baseline or
after two months.

Table 2. Results of lactulose breath test at baseline and at 2 months according to hydrogen or methane
gas released.

Positive Hydrogen Gas-Producing SIBO Positive Methane Gas-Producing SIBO

Baseline 2 Months Baseline 2 Months

UDCA (n = 10) 4 (40%) 1 (10%) 8 (80%) 4 (40%)

Untreated (n = 9) 2 (22%) 2 (22%) 9 (100%) 4 (44%)

p 0.874 0.784 0.510 0.845

SIBO—small intestinal bacterial overgrowth; UDCA—ursodeoxycholic acid. The p values of the two groups were
calculated by Fisher’s exact test at baseline and at 2 months.
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Figure 3. Percentage of patients with adequate relief of FD symptoms at 2 months. Two months later,
the number of patients with adequate symptom relief were higher in the UDCA treatment group than
in the untreated group, but the difference was not statistically significant (60.0% vs. 22.2%, p = 0.170).
Adequate relief was defined as NDI-K reduction of more than 30% compared with baseline at 2 months.
p was calculated with Fisher’s exact test.

In the UDCA-treated group, four patients had SIBO that produced both hydrogen and methane
gas and the three untreated patients who had SIBO produced both hydrogen and methane gas. Two
months later, in the UDCA group, there was one patient with SIBO that produced both gases and one
in the untreated group (data not shown). Figure 4 shows the sum of the hydrogen/methane breath
test values for 90 minutes at baseline and at the end of the study and the sum of methane values over
90 minutes in the UDCA group showed a statistically significant decrease (baseline vs. after 2 months:
68.2 ± 18.3 vs. 44.8 ± 30.6, p = 0.026). There were no statistically significant differences between the two
groups in laboratory parameters (white blood cell, hemoglobin, alkaline phosphatase, total cholesterol,
albumin, fasting glucose, ALT, AST and GGT) monitored for two months in this study (Table 3).

Table 3. Blood chemistry of subjects at baseline and at 2 months.

Baseline 2 Months

UDCA
(n = 10)

Untreated
(n = 9) p UDCA

(n = 10)
Untreated

(n = 9) p

White blood cells (x 103) 5.7 ± 1.1 6.2 ± 1.7 0.456 6.6 ± 1.7 5.5 ± 0.7 0.109

Hemoglobin (g/dL) 14.2 ± 2.0 13.4 ± 1.8 0.408 14.4 ± 0.8 14.3 ± 1.6 0.912

Alkaline phosphatase (IU/L) 60.8 ± 12.7 64.4 ± 13.4 0.552 60.6 ± 10.9 66.6 ± 18.7 0.395

Total cholesterol (mg/dL) 192.7 ± 27.6 203.3 ± 23.4 0.381 192.4 ± 41.2 198.3 ± 34.6 0.740

Fasting glucose (mg/dL) 100.3 ± 11.7 98.3 ± 14.0 0.743 99.4 ± 8.5 97.1 ± 15.2 0.698

ALT (IU/L) 28.6 ± 20.4 28.0 ± 19.0 0.948 29.3 ± 21.3 33.7 ± 29.0 0.705

AST (IU/L) 27.6 ± 11.4 26.4 ± 8.9 0.811 27.9 ± 10.4 27.7 ± 11.8 0.981

GGT (IU/L) 57.3 ± 15.3 56.0 ± 60.4 0.864 54.8 ± 12.1 55.0 ± 43.7 0.786

UDCA—ursodeoxycholic acid; ALT—alanine aminotransferase; AST—aspartate aminotransferase;
GGT—gamma-glutamyltransferase.
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Figure 4. Bar graph showing the sum of hydrogen and methane gases for 90 minutes at baseline
and 2 months later in each group. Panel (A) shows that in both groups, the sum of hydrogen gas for
90 minutes after 2 months compared with the baseline was not significantly different (UDCA group:
88.0 ± 64.8 vs. 68.4 ± 60.7, p = 0.332; untreated group: 58.5 ± 43.6 vs. 56.7 ± 49.3, p = 0.950). In contrast,
panel (B) shows that the sum of methane gases for 90 minutes decreased statistically significantly
after 2 months from baseline in the UDCA treatment group (UDCA group: 68.2 ± 18.3 vs. 44.8 ± 30.6,
p = 0.026; Untreated group: 79.3 ± 60.7 vs. 58.7 ± 52.9, p = 0.233). Bar graph shows the mean with
the standard deviation. H2, hydrogen; CH4, methane.
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4. Discussion

In the present study, we investigated the effects of UDCA in FD patients with SIBO and found that
the methane levels over 90 minutes were significantly reduced following FD symptom improvement
in the UDCA group. The number of methane-producing SIBO patients decreased from nine to five
in the untreated group and from eight to four in the UDCA-treated group. Thus, the UDCA-treated
group produced less methane in the LBT than the untreated group and these results contributed to
the reduction in FD symptoms, which was consistent with the higher proportion of patients who had
adequate relief of FD symptoms in the test group than in the untreated group.

FD is a condition in which symptoms are not related to organic disease. Although the cause is
unknown, several studies suggest that SIBO is associated with FD. In one case-control study, of the 23
dyspeptic patients, 13 (56.5%) showed positive results for hydrogen-producing SIBO, while no SIBO
was detected in the control group [7]. Tziatzios et al. demonstrated that FD symptoms appear due
to gas released by excessive fermentation of carbohydrates ingested and increased proliferation of
gut bacteria in the small intestine [20]. A recent study showed that the levels of pro-inflammatory
interleukin-1 α and β were higher in the intestinal mucosa in subjects with SIBO than in those without
SIBO and that SIBO may trigger abdominal symptoms via intestinal inflammation [21]. In a systematic
review and meta-analysis, researchers reported that the pathogenesis of FD is characterized by
microinflammation in the form of local immune cell infiltration, particularly in the small intestine [22].
Furthermore, the use of non-absorbing antibiotic, rifaximin, for two weeks in FD patients led to
improvements in global dyspeptic symptoms of belching and postprandial fullness/bloating [9].
Taken together, these results suggest that FD results from small intestinal inflammation caused by SIBO.

In humans, UDCA is a secondary bile acid generated by the metabolism of primary bile
acid, chenodeoxycholic acid, and exhibits hydrophilic and potentially cytoprotective properties [23].
In many animal studies, the UDCA induced immune suppression, cellular protection, and suppressed
inflammation [24–26]. In addition, these protective effects of UDCA are not limited to systemic
inflammation, because UDCA also suppressed small intestinal inflammation through decreased bacterial
translocation, increased mucin production and inhibition of lipopolysaccharide-induced increased
intestinal permeability and enterocyte apoptosis in a mouse model [13]. In short, the preclinical studies
involving various animal models suggest that UDCA may prevent or treat chronic inflammation of
the small intestine such as SIBO. Indeed, our study showed a reduction in methane gas and improvement in
FD symptoms in the UDCA-treated group, which may be due to the antimicrobial and anti-inflammatory
roles of UDCA.

One of the interesting findings of this study is that patients with FD carried more
methane-producing bacteria than hydrogen-producing bacteria, suggesting that FD symptoms
may be associated with methane rather than hydrogen. Although there is no evidence explaining
the relationship between methane gas and FD, several possibilities exist. Increased methane in
the small intestine decreases the intestinal motility, which slows the intestinal transit [27]. At the same
time, decreased movement of the small intestine exacerbates gas production via SIBO metabolism
of carbohydrates, which can cause a feeling of satiety or early fullness after eating [28]. In addition,
methane, a gas produced by SIBO, augments small intestinal contractile activity, causing patients to feel
pain [27]. Taken together, increased methane gas in the small intestine and reduced intestinal motility
can trigger FD, characterized by postprandial fullness, early satiation and epigastric pain. However,
we conducted this study with a small number of subjects, and no large-scale studies have investigated
the relationship between FD according to the gas type produced in SIBO patients. Therefore, additional
studies are needed in the future to confirm these results.

Our study has several limitations. The first was that we openly labeled our study participants into
an untreated group and a UDCA group without a placebo group. Therefore, the placebo effect cannot
be ruled out, although an objective breath test may help overcome this limitation. Second, the breath
test using lactulose can have a false-positive effect in subjects with rapid bowel movements [29].
However, LBT can be used to diagnose bacterial overgrowth beyond the jejunum. LBT is noninvasive,
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and is commonly used in clinical practice, as it is recommended by the North American Consensus [19].
Third, this was an exploratory pilot study investigating the effects of UDCA in FD patients, and as
such, the number of potential subjects was not sufficient. Thus, we did not use an official sample size
and selected a size that was appropriate for addressing our study objectives. However, despite these
limitations, our study is the first randomized controlled trial evaluating the effects of UDCA in FD
patients with SIBO. Our findings of improved FD symptoms and reduced methane production during
the 90 minutes of LBT in the UDCA-treated group compared with the untreated group are valuable.

In summary, the results of the first preliminary randomized controlled human study showed
that treatment with UDCA at a dose of 100 mg three times daily for 60 days provides better relief of
FD symptoms and reduced methane levels in LBT compared with the untreated group. However,
well-designed, large-scale studies are needed to confirm the findings.

Author Contributions: Conceptualization, K.-N.K. and B.-T.K.; data curation, K.-N.K.; formal analysis, B.-T.K.;
investigation, K.-M.K.; methodology, B.-T.K. and K.-M.K.; project administration, K.-N.K.; resources, B.-T.K.;
software, B.-T.K.; supervision, K.-N.K.; validation, B.-T.K.; visualization, K.-M.K.; writing—original draft, K.-N.K.
and B.-T.K.; writing—review & editing, K.-N.K.; funding acquisition, K.-N.K. All authors have read and agree to
the published version of the manuscript.

Funding: This work was supported by a grant from Daewoong Pharmaceutical (Seoul, Korea).

Conflicts of Interest: The authors have no conflict of interest to declare.

Abbreviations

FD—functional dyspepsia; SIBO—small intestinal bacterial overgrowth; UDCA—ursodeoxycholic acid;
LBT—lactulose breath test; NDI-K—Nepean dyspepsia index-K; AST—aspartate aminotransferase; ALT—alanine
aminotransferase; GGT—gamma-glutamyltransferase; H2—hydrogen; CH4—methane.

References

1. Drossman, D.A. Functional Gastrointestinal Disorders: History, Pathophysiology, Clinical Features and Rome
IV. Gastroenterology 2016, 150, 1262–1279.e2. [CrossRef]

2. 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 J. Gastroenterol. 2016, 22, 3486–3495. [CrossRef]
[PubMed]

3. Tack, J.; Caenepeel, P.; Fischler, B.; Piessevaux, H.; Janssens, J. Symptoms associated with hypersensitivity to
gastric distention in functional dyspepsia. Gastroenterology 2001, 121, 526–535. [CrossRef] [PubMed]

4. Sarnelli, G.; Caenepeel, P.; Geypens, B.; Janssens, J.; Tack, J. Symptoms associated with impaired gastric
emptying of solids and liquids in functional dyspepsia. Am. J. Gastroenterol. 2003, 98, 783–788. [CrossRef]
[PubMed]

5. Stanghellini, V.; Tosetti, C.; Paternico, A.; Barbara, G.; Morselli-Labate, A.M.; Monetti, N.; Marengo, M.;
Corinaldesi, R. Risk indicators of delayed gastric emptying of solids in patients with functional dyspepsia.
Gastroenterology 1996, 110, 1036–1042. [CrossRef] [PubMed]

6. Wauters, L.; Talley, N.J.; Walker, M.M.; Tack, J.; Vanuytsel, T. Novel concepts in the pathophysiology
and treatment of functional dyspepsia. Gut 2020, 69, 591–600. [CrossRef]

7. Costa, M.B.; Azeredo, I.L., Jr.; Marciano, R.D.; Caldeira, L.M.; Bafutto, M. Evaluation of small intestine
bacterial overgrowth in patients with functional dyspepsia through H2 breath test. Arq. Gastroenterol. 2012,
49, 279–283. [CrossRef]

8. Petzold, G.; Amanzada, A.; Gress, T.M.; Ellenrieder, V.; Neesse, A.; Kunsch, S. High Prevalence of Pathological
Hydrogen Breath Tests in Patients with Functional Dyspepsia. Digestion 2019, 100, 186–191. [CrossRef]

9. Tan, V.P.; Liu, K.S.; Lam, F.Y.; Hung, I.F.; Yuen, M.F.; Leung, W.K. Randomised clinical trial: Rifaximin versus
placebo for the treatment of functional dyspepsia. Aliment. Pharmacol. Ther. 2017, 45, 767–776. [CrossRef]

10. Ridlon, J.M.; Kang, D.J.; Hylemon, P.B. Bile salt biotransformations by human intestinal bacteria. J. Lipid Res.
2006, 47, 241–259. [CrossRef]

11. Ramírez-Pérez, O.; Cruz-Ramón, V.; Chinchilla-López, P.; Méndez-Sánchez, N. The Role of the Gut Microbiota
in Bile Acid Metabolism. Ann. Hepatol. 2017, 16 (Suppl. 1), S21–S26. [CrossRef] [PubMed]

http://dx.doi.org/10.1053/j.gastro.2016.02.032
http://dx.doi.org/10.3748/wjg.v22.i12.3486
http://www.ncbi.nlm.nih.gov/pubmed/27022230
http://dx.doi.org/10.1053/gast.2001.27180
http://www.ncbi.nlm.nih.gov/pubmed/11522735
http://dx.doi.org/10.1111/j.1572-0241.2003.07389.x
http://www.ncbi.nlm.nih.gov/pubmed/12738456
http://dx.doi.org/10.1053/gast.1996.v110.pm8612991
http://www.ncbi.nlm.nih.gov/pubmed/8612991
http://dx.doi.org/10.1136/gutjnl-2019-318536
http://dx.doi.org/10.1590/S0004-28032012000400009
http://dx.doi.org/10.1159/000494718
http://dx.doi.org/10.1111/apt.13945
http://dx.doi.org/10.1194/jlr.R500013-JLR200
http://dx.doi.org/10.5604/01.3001.0010.5672
http://www.ncbi.nlm.nih.gov/pubmed/29118282


Nutrients 2020, 12, 1410 10 of 11

12. Van den Bossche, L.; Hindryckx, P.; Devisscher, L.; Devriese, S.; Van Welden, S.; Holvoet, T.; Vilchez-Vargas, R.;
Vital, M.; Pieper, D.H.; Vanden Bussche, J.; et al. Ursodeoxycholic Acid and Its Taurine- or Glycine-Conjugated
Species Reduce Colitogenic Dysbiosis and Equally Suppress Experimental Colitis in Mice. Appl. Environ.
Microbiol. 2017, 17, 83.

13. Wang, W.; Zhao, J.; Gui, W.; Sun, D.; Dai, H.; Xiao, L.; Chu, H.; Du, F.; Zhu, Q.; Schnabl, B.; et al.
Tauroursodeoxycholic acid inhibits intestinal inflammation and barrier disruption in mice with non-alcoholic
fatty liver disease. Br. J. Pharmacol. 2018, 175, 469–484. [CrossRef]

14. Pearson, T.; Caporaso, J.G.; Yellowhair, M.; Bokulich, N.A.; Padi, M.; Roe, D.J.; Wertheim, B.C.; Linhart, M.;
Martinez, J.A.; Bilagody, C.; et al. Effects of ursodeoxycholic acid on the gut microbiome and colorectal
adenoma development. Cancer. Med. 2019, 8, 617–628. [CrossRef]

15. Tang, R.; Wei, Y.; Li, Y.; Chen, W.; Chen, H.; Wang, Q.; Yang, F.; Miao, Q.; Xiao, X.; Zhang, H.; et al. Gut
microbial profile is altered in primary biliary cholangitis and partially restored after UDCA therapy. Gut
2018, 6, 534–541. [CrossRef] [PubMed]

16. Staley, C.; Weingarden, A.R.; Khoruts, A.; Sadowsky, M.J. Interaction of gut microbiota with bile acid
metabolism and its influence on disease states. Appl. Microbiol. Biotechnol. 2017, 101, 47–64. [CrossRef]
[PubMed]

17. Greenfield, T.K. Ways of measuring drinking patterns and the difference they make: Experience with
graduated frequencies. J. Subst. Abus. 2000, 12, 33–49. [CrossRef]

18. Lee, S.Y.; Choi, S.C.; Cho, Y.K.; Choi, M.G. Validation of the Nepean Dyspepsia Index- Korean version.
Korean J. Neurogastroenterol. Motil. 2003, 15, 48.

19. Rezaie, A.; Buresi, M.; Lembo, A.; Lin, H.; McCallum, R.; Rao, S.; Schmulson, M.; Valdovinos, M.; Zakko, S.;
Pimentel, M. Hydrogen and Methane-Based Breath Testing in Gastrointestinal Disorders: The North
American Consensus. Am. J. Gastroenterol. 2017, 112, 775–784. [CrossRef]

20. Tziatzios, G.; Giamarellos-Bourboulis, E.J.; Papanikolaou, I.S.; Pimentel, M.; Dimitriadis, G.D.; Triantafyllou, K.
Is small intestinal bacterial overgrowth involved in the pathogenesis of functional dyspepsia? Med. Hypotheses
2017, 106, 26–32. [CrossRef]

21. Srivastava, D.; Ghoshal, U.; Mittal, R.D.; Ghoshal, U.C. Associations between IL-1RA polymorphisms
and small intestinal bacterial overgrowth among patients with irritable bowel syndrome from India.
Neurogastroenterol. Motil. 2014, 26, 1408–1416. [CrossRef] [PubMed]

22. Du, L.; Chen, B.; Kim, J.J.; Chen, X.; Dai, N. Micro-inflammation in functional dyspepsia: A systematic review
and meta-analysis. Neurogastroenterol. Motil. 2018, 30, e13304. [CrossRef]

23. Stenman, L.K.; Holma, R.; Eggert, A.; Korpela, R. A novel mechanism for gut barrier dysfunction by dietary
fat: Epithelial disruption by hydrophobic bile acids. Am. J. Physiol. Gastrointest. Liver Physiol. 2013, 304,
G227–G234. [CrossRef] [PubMed]

24. Cao, A.; Wang, L.; Chen, X.; Guo, H.; Chu, S.; Zhang, X.; Peng, W. Ursodeoxycholic Acid Ameliorated
Diabetic Nephropathy by Attenuating Hyperglycemia-Mediated Oxidative Stress. Biol. Pharm. Bull. 2016,
39, 1300–1308. [CrossRef] [PubMed]

25. Chung, J.; An, S.H.; Kang, S.W.; Kwon, K. Ursodeoxycholic Acid (UDCA) Exerts Anti-Atherogenic Effects by
Inhibiting RAGE Signaling in Diabetic Atherosclerosis. PLoS ONE 2016, 11, e0147839. [CrossRef] [PubMed]
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