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Abstract

We reviewed the literature on the prevalence of small intestinal bacterial overgrowth (SIBO) after Roux-en-Y gastric bypass
(RYGB). Eight studies examining 893 patients were included. The mean age of the patients was 48.11 +4.89 years. The
mean BMI before surgery and at the time of SIBO diagnosis was 44.57 +2.89 kg/m? and 31.53 +2.29 kg/m?, respectively.
Moreover, the results showed a 29% and 53% prevalence of SIBO at < 3-year and > 3-year follow-up after RYGB, respec-
tively. Symptoms included abdominal pain, diarrhea, bloating, nausea, vomiting, constipation, soft stool, frequent defecation,
flatulence, rumpling, dumping syndrome, and irritable bowel syndrome. SIBO is prevalent after RYGB; digestive symptoms

should prompt the consideration of SIBO as a potential etiology. Antibiotic therapy has proven to be therapeutic.

Keywords Small intestinal bacterial overgrowth - Bacterial overgrowth - Prevalence - Hydrogen breath test - Bariatric
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Introduction

Obesity is a worldwide public health concern on the rise and
is a multifactorial disease that has strongly been linked to
metabolic syndromes and cancer. Despite the complexity of
this disease, bariatric surgery (BS) has proven to be an effec-
tive treatment of obesity and related comorbidities. Different
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bariatric surgeries have been proposed and fall into three
categories: first, hypo-absorptive procedures (Roux-en-Y
gastric bypass and one anastomosis gastric bypass); second,
malabsorptive procedures (biliopancreatic diversion with
duodenal switch, single anastomosis duodenal-ileal bypass
with sleeve, etc.); and third, restrictive procedures (sleeve
gastrectomy and adjustable gastric band) [1-3].

Hypo-absorptive and malabsorptive bariatric procedures
modify the normal anatomy of the digestive tract, may
induce intestinal stasis, and promote the development of
small intestinal bacterial overgrowth (SIBO) [1, 2]. Restric-
tive procedures, on the other hand, consist of reducing the
stomach size from the greater curvature, wherefore less
gastric acid is released; furthermore, a higher likeliness of
acid suppression therapy after these procedures may lead to
hypochlorhydria, which has been shown to slightly increase
the risk for SIBO [4, 5].

SIBO is a heterogeneous pathology defined as an excess
of bacteria in the small intestine leading to digestive symp-
toms such as abdominal pain, nausea, bloating, and diarrhea
[4, 6]. SIBO and intestinal microbiota have been associated
with various disease conditions, namely, diabetes, hyperten-
sion, and obesity. The association between SIBO and obesity
has not been quantified. To date, there is no reliable data on
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the prevalence of SIBO in the general population or at-risk
population groups [4, 7-11].

Data on the prevalence of SIBO after BS are scattered in
the literature; meanwhile, complaints of abdominal symp-
toms have commonly been reported in some patients after
BS, especially RYGB. There is limited data exploring the
role of SIBO in this increase in digestive symptoms, yet
SIBO by itself might be a contributing factor, increasing
vitamin deficiencies and affecting weight loss after BS [2,
12—15]. To the best of our knowledge, no study has evalu-
ated available evidence on the prevalence of SIBO after
RYGB; therefore, this study is the first.

We aimed to investigate the English language scientific
literature on the prevalence of SIBO after RYGB in accord-
ance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines.

Material and Methods

This review was conducted in accordance with the guidelines
for the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis Protocol (PRISMA) 2015 statement
[16]. All stages of literature search, study selection, data
extraction, and quality assessment were performed indepen-
dently by two authors. Any disagreement was resolved by
discussion and consensus with a third reviewer (HA). This
systematic review and meta-analysis was registered in the
Prospective Register of Systematic Reviews (PROSPERO)
with the registration ID: CRD42023463028 (available at
https://www.crd.york.ac.uk/PROSPERO/display_record.
php?RecordID=463028).

Literature Search

A systematic search was performed using an electronic
search in PubMed, Google Scholar, and the Cochrane
Library. The appropriate key terms and free text field search
were performed for “small intestinal bacteria overgrowth,”
“bacteria overgrowth,” “SIBO,” “Bariatric surgery,” “meta-
bolic surgery,” “Roux-en-Y gastric bypass,” “gastric bypass,”
“Sleeve gastrectomy,” and “biliopancreatic diversion with
duodenal switch.” The search included all study designs,
with further studies not captured by the search identified
via bibliographic cross-referencing. Titles and abstracts
were screened independently for full-text review by the two
investigators.

Inclusion Criteria
Included studies were limited to adults (18 years) who met

the international criteria for bariatric surgery [17], and who
underwent a primary Roux-en-Y gastric bypass (RYGB).

The initial scope of this review was to investigate the preva-
lence of SIBO after all types of bariatric and metabolic pro-
cedures; given the scarcity of reports of this condition fol-
lowing different procedures but more abundant after RYGB,
only studies reporting SIBO after RYGB were included in
this systematic review and meta-analysis. Prospective and
retrospective observational studies, randomized clinical
trials, and non-comparative clinical studies were included.
The date ranges from July 2000 and the last search was per-
formed in August 2023.

Exclusion Criteria

Only studies published in English were included in this
systematic review and meta-analysis. Abstracts, confer-
ence articles, opinion pieces, editorial letters, single case
reports, reviews, and meta-analyses were excluded from the
final review. Nonhuman studies were not included. Those
without appropriate data published related to this study’s
primary and secondary outcomes were also excluded.

Data Extraction

Data on the included studies (author’s name, year of publi-
cation, sample size, study design, age, BMI before bariat-
ric surgery and at the time of SIBO diagnosis, number of
patients with SIBO, follow-up time, and the results of each
study) were recorded. To ensure accuracy, the data extrac-
tion process was independently performed by the two inves-
tigators and was reviewed by the senior investigator.

Statistical Analysis

Data analysis was performed using the Stata/SE 18.0 soft-
ware version. The main measure of the effect/effect size
was prevalence (ratio of cases to the total population).
Cochrane’s test (Q-test) showing significant heterogeneity
in the meta-analysis and I* showing the amount of hetero-
geneity, ranging from 0 to 100%, were used to assess the
heterogeneity among studies. Random-effects meta-analysis
was performed to estimate the main index, which was the
pooled prevalence at the 95% confidence interval. Forest
plots were used to show the pooled prevalence of SIBO
at < 3-year and > 3-year follow-ups. Small study publication
bias effects were assessed using funnel plot visual inspection
and Egger’s test. Averages of quantitative variables were
reported according to studies and were each weighted by
sample size (N). A statistician was consulted for the statisti-
cal analysis and results were independently reviewed by the
senior investigator to ensure validity.
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Results

A total of 173 studies were retrieved by the initial lit-
erature search. An additional two studies were located
through a manual search of the bibliography cross-refer-
encing. After screening the study’s titles and abstracts,
47 studies qualified for further analysis. Thirty studies
were duplicates, and five studies were in other languages
than English, therefore removed. Eight studies met the
final inclusion criteria. The included studies were ret-
rospective/prospective cohorts, matched cohorts, pro-
spective randomized double-blinded, and observational
randomized analytical cross-sectional studies. Moreover,
in one study, the follow-up time was not determined;
therefore, the data of this study was included in the
descriptive analysis but not in the meta-analysis (Fig. 1;
Table 1) [18].

Descriptive Characteristics

A total of 893 patients were included in this review
and meta-analysis. The mean age of the patients was
48.11 +4.89 years. The mean BMI before surgery and at
the time of SIBO diagnosis was 44.57 +2.89 kg/m?* and
31.53 +2.29 kg/m?, respectively. The characteristics of the
patients included in this review are shown in Table 1.

Treatment and Symptoms

RYGB was used for the treatment of obesity and related
comorbidities in all patients included in this review. Diges-
tive symptoms reported during the follow-up period included
abdominal pain, diarrhea, bloating, nausea, vomiting, consti-
pation, soft stool, frequent defecation, flatulence, rumpling,
dumping syndrome, irritable bowel syndrome, hair loss,
scleroderma, and diabetes (Table 2).
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Prevalence of SIBO at < 3-Year Follow-up

Pooled estimation of meta-analysis of prevalence from three
studies reported a prevalence of 29%; i.e., suggesting that 29
out of every 100 RYGB surgeries experience SIBO at < 3-year
follow-up. The heterogeneity index is I*=94.45% (Fig. 2).

Prevalence of SIBO at > 3-Year Follow-up

Pooled estimation of meta-analysis of prevalence from
four studies reported a prevalence of 53%; i.e., indicating
that 53 out of every 100 RYGB surgeries experience SIBO
at> 3-year follow-up. The heterogeneity index is I*=98.89%
(Fig. 3).

Publication Bias

The results of the analysis showed that there was no sig-
nificant influence on the creation of negative results. Since
there were few studies, it was not easy to judge the symmetry
of the funnel plot. Meanwhile, no evidence of publication
bias was detected using Egger’s test (Egger’s test t=1.85,
P=0.12,95% CI-11.31 to—6.11) (Fig. 4).

Discussion
An association between SIBO and obesity has been reported

with conflicting results. A previous study investigating the
prevalence of SIBO in patients with obesity using the hydrogen

Table 1 Quantitative characteristics of the included studies in this systematic review

Author Year Study design N  Age (years) Pre-op BMI Post-op BMI <3-year SIBO, N > 3-year
(mean +SD, kg/m?) (mean +SD, kg/m?) SIBO, N

Shah et al. [37] 2013 Prospective 151 50 42.8 - - 9
Andalib et al. [24] 2015 retrospective 63 49 - 35+10 - 51
Sabate et al. [2] 2017 Prospective 65 39.6+11.7 457+6.3 - 26 -
Jirapinyo et al. [26] 2019 Retrospective 151 54+11 48.1+94 326+7.8 - 69
Wagner et al. [29] 2020 Prospective, rand- 73 433+10.5 428 - 4 -

omized double-

blinded
Mouillot et al. [6] 2020 Retrospective cohort 63  48.5 + 36 28.1+4.7 - 63
Dolan et al. [18] 2020 Matched cohort 271 54.6 +£08 30.6+1.0 199 (follow-up

time not speci-
fied)

Novljanetal. [23] 2022 Observational rand- 56  49.54 + 9.99 30.98 + 6.55 24 -

omized analytical

cross-sectional
Table 2 Treatment and symptoms reported in studies
Author Surgery types Mean interval time of diagnosis in Symptoms

months (ranges) from the time of
surgery
Shah et al. [37] RYGB 57 Constipation
Andalib et al. [24] RYGB 65 (6-228) -
Sabate et al. [2] RYGB, AGB 19.45 (9.2-36) Diarrhea, constipation, abdominal pain, rumbling, dumping
syndrome, vomiting/regurgitation
Jirapinyo et al. [26] RYGB 96 Abdominal pain, bloating, constipation, diarrhea, gas/flatu-
lence

Wagner et al. [29] RYGB 3 Abdominal pain, soft stools, nausea
Mouillot et al. [6] RYGB, SG, OAGB 40 Diarrhea, abdominal pain, bloating
Dolan et al. [18] RYGB - Nausea, vomiting, bloating, diarrhea
Novljan et al. [23] RYGB, OAGB 26.98 (2-108) Frequent defecation, scleroderma, irritable bowel syndrome,

diabetes

RYGB, Roux-en-Y gastric bypass; AGB, adjustable gastric band; SG, sleeve gastrectomy; OAGB, one anastomosis gastric bypass
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breath test found 89% of SIBO in their studied population [4,
5, 19]. A link between SIBO and high BMI, body fat, and pro-
inflammatory cytokines has been shown in subjects with obe-
sity before BS, although this could secondarily be due to small
intestinal motility disorders [2, 7, 20, 21]. To a certain extent,
these reports beg the question of the implication of preopera-
tive SIBO in patients with obesity on its occurrence after BS.

@ Springer

The prevalence of SIBO was investigated by Sabate
et al. in 378 patients with obesity before undergoing BS;
the authors of the study reported 55 (15.4%) patients who
tested positive after the hydrogen breath test from the overall
studied population. After surgery in the RYGB group, 26
out of 65 (40%) patients were found with SIBO at a median
postoperative follow-up of 9.2 months [2]. Kaniel et al.
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recorded 0% of SIBO preoperatively, at the median follow-
up of 6 months; 37.0% of patients presented with SIBO after
OAGB, indicating an independent implication of BS on the
occurrence of SIBO [22].

An association between RYGB and a higher incidence of
SIBO has been demonstrated [18, 23]; Sabate et al. found
a higher incidence of SIBO associated with RYGB than in
patients who underwent the AGB, where no difference was
noted between pre- and postoperative occurrence of SIBO
[2]; moreover, in a study conducted by Mouillot et al., the
incidence of SIBO was compared after three different bari-
atric procedures (RYGB, OAGB, SG). In their study, the
incidence of SIBO did not significantly differ in terms of
the type of BS that the patients underwent [6]. Based on the
current literature on the prevalence of SIBO, most studies
are concerned with subjects after RYGB due to the modifi-
cation of the digestive tract after this procedure which may
predispose them to SIBO. The effect of other BS on the
incidence of SIBO has not been explored (Table 2), yet they
have been shown to potentially play a role in the occurrence
of SIBO [6, 18].

SIBO is a heterogenous pathology that may lead to
digestive symptoms, and few studies have reported a higher
incidence of SIBO in patients presenting with digestive
symptoms [6, 18, 24]. Although RYGB has been shown to
improve gastroesophageal symptoms, digestive symptoms
have commonly been reported after this procedure. A study
analyzing the gastrointestinal quality of life index (GIQLI)
in 86 patients after BS found that patients’ quality of life
in terms of digestive symptoms worsened following RYGB
[25]. In all included studies in this review, the presence of
digestive symptoms was consistent with SIBO after RYGB
but was nonspecific requiring a breath test or aspiration of
intestinal fluid to confirm the diagnosis of bacterial over-
growth. The lack of specificity of digestive symptoms could
be in part due to a high opiate use that may contribute to
symptoms like nausea, diarrhea, and delayed oral-cecal
transit time (OCTT) after RYGB [18]. However, it may be
reasonable to recommend a routine workup for SIBO in
patients with a history of RYGB, in the context of abdomi-
nal symptoms [22].

The golden standard method for the diagnosis of SIBO
has been through the quantitative bacterial culture derived
from jejunal or duodenal aspiration fluid, with a total growth
of > 10° colony-forming units/mL of intestinal fluids for at
least 48 h considered positive for SIBO. Due to the diffi-
culties in obtaining cultures, various breath tests including
glucose H,, and lactulose breath tests have been suggested
[11]. According to the 2017 North American consensus, the
glucose breath test is a useful, inexpensive, safe, and non-
invasive diagnostic test for SIBO [6, 26]. The glucose and
lactulose breath tests were the common methods used for the
diagnosis of SIBO in all included studies; however, breath

testing methods can be problematic after RYGB given the
rapid transit through the small bowel of glucose or lactulose,
reaching the colon and initiating fermentation by colonic
bacteria, leading to an early rise in breath hydrogen that
might be falsely attributed to bacteria in the small intestine
[18, 27]. Moreover, glucose dosage for the breath test dif-
fered in studies ranging from 25 to 75 g of glucose. The pro-
tocol by Gasbarrini et al. suggested offering 50 g of glucose
for the diagnosis of SIBO after RYGB [11]; a further rec-
ommendation was to reduce the amount of glucose offered
to avoid the development of dumping syndrome. Although
such a difference in glucose dosage could influence the sen-
sitivity of the test, it would not compromise its specificity
[28-30].

The use of PPI has been associated with SIBO, and the
risk of occurrence has particularly been found to be higher
after PPI treatment for more than 12 months. A meta-anal-
ysis analyzing the effect of PPI treatment on the incidence
of SIBO found that patients being treated with PPI were at a
significantly higher risk for developing SIBO with an odds
ratio of 2.289 (95%CI, 1.238-4.205) [6, 31]. In a previous
study by Mouillot et al., bariatric patients treated with PPI
were associated with a higher incidence of SIBO on an aver-
age follow-up of 40 months regardless of the type of BS [6].
Thereaux et al. showed that one out of four patients who
underwent BS remained treated with PPI until 4 years, espe-
cially following restrictive bariatric procedures, suggesting
that these patients might be at a high risk for developing
SIBO [5]. The influence of PPI use in combination with
restrictive bariatric procedures on the incidence of SIBO has
not been demonstrated; more studies are needed to elucidate
possible adverse effects of PPI use after restrictive BS in the
context of SIBO.

Vitamin deficiencies have been associated with SIBO,
especially vitamin B,,, fat-soluble vitamins, and excessive
folate levels [22, 27, 32]. The adverse nutritional deficien-
cies of SIBO can be multifactorial. In patients with SIBO,
due to a competitive uptake of vitamin B, by aerobes bac-
teria, vitamin B, deficiency may occur as a result [33]. In
the case of fat-soluble vitamins, bacteria overgrowth may
lead to bacterial deconjugation of the bile salts which are
reabsorbed in the jejunum rather than the ileum and cause
fat malabsorption, thus deficiencies in fat-soluble vitamins
[34, 35]. These deficiencies could also in part be associated
with diminished food intake due to digestive symptoms after
surgery [36]. Excessive folate may be explained by increased
synthesis of folate by bacteria in the small bowel [37-39].

Antibiotic therapy has been shown to effectively treat and
improve digestive symptoms in bariatric patients diagnosed
with SIBO after surgery and in the general population; up
to this date, there is no consensus on the choice, dosage, and
duration of antibiotic therapy for SIBO; therefore, different
therapies have been tested. In a previous study of bariatric
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patients who tested positive for SIBO following RYGB, 43
(59%) out of 73 patients reported symptom improvement
after 3 months of antibiotic therapy; patients treated with
oral gentamicin in combination with metronidazole therapy
showed a therapeutic efficacy of 62% compared to those
treated with sequential monotherapy with oral metronidazole
with 42% in treating SIBO with no statistically significant
difference in the therapeutic efficacy [6]. Similar findings
were presented by Jirapinyo et al. whereby the antibiotic
treatment showed symptom improvement in 78% of patients
[27]. In the general population, antibiotic therapy has proven
to be effective in the treatment of SIBO. A meta-analysis
comparing the efficacy of different antibiotic therapies found
that the monotherapy of rifaximin had a hydrogen breath test
normalization rate of 49.5% and metronidazole with a nor-
malization rate of 51.2% [40]. Malchior et al. found that 67%
of patients treated with metronidazole for SIBO experienced
symptom improvement, compared with 25% of those treated
with carbosylane for 10 days [41]. However, in one study,
a recurrence of digestive symptoms for SIBO was reported
in 32.4% of patients at 9 months after successful antibiotic
therapy; given the diversity of intestinal microbial species,
broad-spectrum antibiotic therapy may be favored [42, 43].

Although this study was the first to report the most cur-
rent prevalence of SIBO after RYGB, there were a few limi-
tations worth mentioning. First, most reported outcomes
were retrieved from prospective or retrospective studies,
which might interfere with concluding reliable results and
limit our understanding of the prevalence of SIBO after
RYGB. Second, the small number of included studies with
small sample sizes might have impacted the between-study
heterogeneity and the final results. Third, the incidence of
SIBO was not evaluated before BS in quite a lot of studies,
as its known in patients with morbid obesity the prevalence
of SIBO is higher than in healthy populations.

Conclusion

The prevalence of SIBO is significantly high following
RYGB; digestive symptoms such as nausea, vomiting, and
diarrhea which are common after this procedure should
prompt the consideration of SIBO as a potential etiology.
Antibiotic treatments, namely, metronidazole, gentamicin,
and rifaximin, have proven to be therapeutic in bariatric
patients following RYGB and in the general population;
however, the choice and dosage of antibiotic medications
are still not determined. Given the inherent limitations of
the study’s design and sample sizes, these results should be
interpreted with care. Future large-sized RCTs are required
to fully understand the prevalence of SIBO following RYGB,
treatment, and the possible incidence of this condition after
different types of BS.

@ Springer

Declarations

Ethics Approval For this type of study, formal consent is not required.

Conflict of Interest The authors declare no competing interests.

Human and Animal Rights This article does not contain any studies
with human participants or animals performed by any of the authors.

References

1. Tseng CH, Wu CY. The gut microbiome in obesity. J Formos Med
Assoc. 2019;118:S3-9 (Elsevier B.V.).

2. Sabate JM, Coupaye M, Ledoux S, et al. Consequences of small
intestinal bacteria overgrowth in obese patients before and after
bariatric surgery. Obes Surg. 2017;27(3):599-605.

3. Buchwald H, Consensus Conference Panel. Consensus conference
statement bariatric surgery for morbid obesity: health implica-
tions for patients, health professionals, and third-party payers.
Surg Obes Relat Dis. 2005;1(3):371-81.

4. Quigley EMM. The spectrum of small intestinal bacterial over-
growth (SIBO). Curr Gastroenterol Rep. 2019;21(1):3.

5. Thereaux J, Lesuffleur T, Czernichow S, et al. Do sleeve gastrec-
tomy and gastric bypass influence treatment with proton pump
inhibitors 4 years after surgery? A nationwide cohort. Surg Obes
Related Dis. 2017;13(6):951-9.

6. Mouillot T, Rhyman N, Gauthier C, et al. Study of small intes-
tinal bacterial overgrowth in a cohort of patients with abdomi-
nal symptoms who underwent bariatric surgery. Obes Surg.
2020;30(6):2331-7.

7. Fialho A, Fialho A, Thota P, et al. Higher visceral to subcutaneous
fat ratio is associated with small intestinal bacterial overgrowth.
Nutr Metab Cardiovasc Dis. 2016;26(9):773-7.

8. Rana S, Bhansali A, Bhadada S, et al. Orocecal transit time and
intestinal bacterial overgrowth in type 2 diabetes patients from
North India. Diabetes Technol. 2011;13(11):1115-20.

9. Rana SV, Malik A. Hydrogen breath tests in gastrointestinal dis-
eases. Indian J Clin Biochem. 2014;29(4):398—405.

10. Shanab AA, Scully P, Crosbie O, et al. Small intestinal bacterial
overgrowth in nonalcoholic steatohepatitis: association with toll-
like receptor 4 expression and plasma levels of interleukin 8. Dig
Dis Sci. 2011;56(5):1524-34.

11. Sabate JM, Jouet P, Harnois F, et al. High prevalence of small intes-
tinal bacterial overgrowth in patients with morbid obesity: a con-
tributor to severe hepatic steatosis. Obes Surg. 2008;18(4):371-7.

12. Coupaye M, Pachoux K, Bogard C, et al. Nutritional consequences
of adjustable gastric banding and gastric bypass: a 1-year prospec-
tive study. Obes Surg. 2009;19:56-65.

13. Decker GA, DiBaise JK, Leighton JA, et al. Nausea, bloating and
abdominal pain in Roux-en-Y gastric bypass patient: more ques-
tions than answers. Obes Surg. 2007;17:1529-33.

14. Aron-Wisnewsky J, Dore J, Clement K. The importance of the gut
microbiota after bariatric surgery. Nat Rev Gastroenterol Hepatol.
2012;9:590-8.

15. Furet JP, Kong LC, Tap J, et al. Differential adaptation of human
gut microbiota to bariatric surgery-induced weight loss: links
with metabolic and low-grade inflammation markers. Diabetes.
2010;59:3049-57.

16. Shamseer L, Moher D, Clarke M, et al. Preferred Reporting Items
for Systematic Reviews and Meta-analysis protocols (PRISMA)
2015: elaboration and explanation. BMJ. 2015;349:27647.



Obesity Surgery (2024) 34:250-257

257

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Mechanick JI, Apovian C, Brethauer S, et al. Clinical practice
guidelines for the perioperative nutrition, metabolic, and nonsur-
gical support of patients undergoing bariatric procedures—2019
update: cosponsored by American Association of Clinical Endo-
crinologists/American College of Endocrinology, The Obesity
Society, American Society for Metabolic & Bariatric Surgery,
Obesity Medicine Association, and American Society of Anes-
thesiologists. Surg Obes Relat Dis. 2020;16(2):175-247.

Dolan RD, Baker J, Harer K, et al. Small intestinal bacterial over-
growth: clinical presentation in patients with Roux-en-Y gastric
bypass. Obes Surg. 2021;31(2):564-9.

Roland BC, Lee D, Miller LS, et al. Obesity increases the risk of
intestinal bacterial overgrowth (SIBO). Neurogastroenterol Motil.
2018;30:e13199.

Mathur R, Amichai M, Chu KS, et al. Methane and hydrogen
positivity on breath test is associated with greater body mass index
and body fat. J Clin Endocrinol Metab. 2013;98(4):E689-702.
Basseri RJ, Basseri B, Pimentel M, et al. Intestinal methane pro-
duction in obese individuals is associated with a higher body mass
index. Gastroenterol Hepatol. 2012;8(1):22-8.

Kaniel O, Sherf-Dagan S, Szold A, et al. The effects of one anas-
tomosis gastric bypass surgery on the gastrointestinal tract. Nutri-
ents. 2022;14(2):304.

Novljan U, Pintar T. Small intestinal bacterial overgrowth in
patients with Roux-en-Y gastric bypass and one anastomosis gas-
tric bypass. Obes Surg. 2022;32(12):4102-9.

Andalib I, Shah H, Bal BS, et al. Breath hydrogen as a biomarker
for glucose malabsorption after Roux-en-Y gastric bypass surgery.
Dis M arkers. 2015;2015:102760.

Lee WJ, Lee MH, Yu PJ, et al. Gastro-intestinal quality of life after
metabolic surgery for the treatment of type 2 diabetes mellitus.
Obes Surg. 2015;25:1371-9.

Rezaie A, Buresi M, Lembo A, et al. Hydrogen and methane-
based breath testing in gastrointestinal disorders: the North Amer-
ican Consensus. Am J Gastroenterol. 2017;112(5):775-84.
Jirapinyo P, Makuvire TT, Dong WY, et al. Impact of ora-cecal
transit time on the interpretation of lactulose breath tests after
RYGB: a personalized approach to the diagnosis of SIBO. Obes
Surg. 2019;29(3):771-5.

Gasbarrini A, Corazza GR, Gasbarrini G, et al. Methodology
and indications of H2-breath testing in gastrointestinal diseases:
the Rome Consensus Conference. Aliment Pharmacol Ther.
2009;29(Suppl 1):1-49.

Andrade HFA, Pedrosa W, Diniz MFHS, et al. Adverse effects
during oral glucose tolerance in post-bariatric surgery patients.
Arch E Endocrinol Metab. 2016;60(4):307—-13.

Wagner NRF, Romas MRZ, de Oliveira CL, de Crus MRR, et al.
Effects of probiotics supplementation on gastrointestinal symp-
toms and SIBO after Roux-en-Y gastric bypass: a prospective,
randomized, double-blinded, placebo-controlled trial. Obes Surg.
2021;31(1):143-50.

31.

32.

33.

34.

35.

36.

37

38.

39.

40.

41.

42.

43.

Lo KW, Chan WW. Proton pump inhibitor use and the risk of
small intestinal bacterial overgrowth: a meta-analysis. Clin Gas-
troenterol Hepatol. 2013;11(5):483-90.

Dukowicz AC, Lacy BE, Levine GM. Small intestinal bacterial
overgrowth. Gastroenterol Hepatol. 2007;3:112-22.
Romagnuolo J, Schiller D, Bailey RJ. Using breath tests wisely in
a gastrology practice: an evidence-based review of indications and
pitfalls in interpretation. Am J Gastroenterol. 2002;97:1113-26.
Shindo K, Machida M, Koide K, et al. Deconjugation ability of
bacteria isolated from the jejunal fluid of patients with progres-
sive systemic sclerosis and its gastric pH. Hepatogastroenterology.
1998;45:1643-50.

Wanitschke R, Ammon HV. Effects of dihydroxy bile acids and
hydroxy fatty acids on the absorption of oleic acid in the human
jejunum. J Clin Invest. 1978;61:178-86.

Adike A, DiBaise JK. Small intestinal bacterial overgrowth: nutri-
tional implications, diagnosis, and management. Gastroenterol
Clin N Am. 2018;47:193-208.

Russell RM, Krasinski SD, Samloff IM, et al. Folic acid malab-
sorption in atrophic gastritis. Possible compensation by bacterial
folate synthesis. Gastroenterology. 1986;91:1476-82.

Shah HN, Bal BS, Finelli FC, et al. Constipation in patients with
thiamine deficiency after Roux-en-Y gastric bypass surgery.
Digestion. 2013;88(2):119-24.

Camilo E, Zimmerman J, Mason JB, et al. Folate synthesized by
bacteria in the human upper small intestine is assimilated by the
host. Gastroenterology. 1996;110:991-8.

Shah SC, Day LW, Somsouk M, et al. Meta-analysis: antibiotic
therapy for small intestinal bacterial overgrowth. Aliment Phar-
macol Ther. 2013;38(8):925-34.

Malchior C, Gourcerol G, Bridoux V, et al. Efficacy of antibi-
otherapy for treating flatus incontinence associated with small
intestinal bacterial overgrowth: a pilot randomized trial. PloS One.
2017;12(8):e0180835.

Bouhnik Y, Alain S, Attar A, et al. Bacterial population
contaminating the upper gut in patients with small intes-
tinal bacterial overgrowth syndrome. Am J Gastroenterol.
1999;94(5):1327-31.

Lauritano EC, Gabrielli M, Scarpellini E, et al. Antibiotic therapy
in small intestinal bacterial overgrowth: rifaximin versus metro-
nidazole. Eur Rev Med Pharmacol Sci. 2009;13(2):111-6.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer



	The Prevalence of Small Intestinal Bacterial Overgrowth After Roux-en-Y Gastric Bypass (RYGB): a Systematic Review and Meta-analysis
	Abstract
	Introduction
	Material and Methods
	Literature Search
	Inclusion Criteria
	Exclusion Criteria
	Data Extraction
	Statistical Analysis

	Results
	Descriptive Characteristics
	Treatment and Symptoms
	Prevalence of SIBO at < 3-Year Follow-up
	Prevalence of SIBO at > 3-Year Follow-up
	Publication Bias

	Discussion
	Conclusion
	References


