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Abstract

Background Small intestinal bacterial overgrowth
(SIBO) has been observed in several disorders of the gas-
trointestinal tract. Studies have shown abnormalities of
motor function in obese patients, and there is indirect
evidence suggesting that SIBO is present in them.

Aims To study small intestinal motility and the preva-
lence of SIBO in obese patients and to determine whether
there was any relationship between both parameters.
Methods Thirty-nine patients scheduled for bariatric
surgery were subjected to hydrogen breath test with lac-
tulose and to a stationary small intestinal motility study
with perfused catheters.

Results  SIBO was observed in 41% of obese patients and
was not related to body mass index. Small intestinal
manometry showed a marked increase of clustered con-
tractions in obese patients with SIBO compared to obese
subjects without SIBO, whereas all the other parameters of
fasting cyclic activity were not different.

Conclusions SIBO was a frequent finding in obese
patients and was associated with an increased pattern of
clustered contractions, which was not observed in absence
of SIBO.
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Introduction

Small intestinal bacterial overgrowth (SIBO) is defined as
the presence of an abnormal number of bacteria in the
small intestine. It has been associated with anatomical
abnormalities of the small bowel, such as blind loops and
diverticula [1-3]. SIBO has also been a frequent finding
being associated with alterations in fasting small intestinal
motor activity [4—6] and other pathological conditions such
as advanced chronic liver disease [7, 8].

In the past, the development of SIBO was commonly
observed in obese patients after jejune-ileal bypass opera-
tions for morbid obesity [9, 10]. The spontaneous appearance
of SIBO in obese female patients was suggested by obser-
vation of an increased endogenous production of ethanol.
Since the most probable source of ethanol was bacterial
fermentation, this provides indirect evidence of the presence
of SIBO [11]. However, SIBO was not directly investigated
in that study. The finding of endogenous ethanol production
was also observed in the obese ob/ob mice model and was
decreased by treatment with neomycin [12].

Since an abnormal profile of peptides with potential
effects on gastrointestinal motility, such as leptin [13] and
ghrelin [14, 15] has been observed in obese patients,
changes of motor activity have been investigated in this
condition. Several studies have been performed in order to
establish the presence of functional abnormalities of the
gastrointestinal tract in obese patients [16]. Most of these
studies have been focused on the motor function of the
stomach [17, 18].

Very few studies have addressed small intestinal motor
function abnormalities in obese patients. In one study, an
increase in orocecal transit time (OCTT) was found [19],
however this observation was not confirmed by subsequent
studies [20, 21].
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Pieramico et al. [22] studied small intestinal motility in
14 severely obese patients: while the intestinal migrating
motor complex (MMC) was essentially normal, the gastric
component of phase III of the MMC occurred less fre-
quently than in a control group.

Therefore, according to the indirect evidence discussed
previously, the possibility to find a higher incidence of
SIBO in obese patients exists. Also, since the unique study
of small intestinal motility in obese patients was performed
in a small number of patients, disorders of motility might
be observed in a greater series of patients.

The aims of the present study were firstly, to determine
the prevalence of SIBO in a group of obese patients before
bariatric surgery. Secondly, to assess their OCTT and
thirdly, to study in this group of patients the relationship
between the presence of SIBO and small intestinal motility.

Methods

Thirty-nine patients entered the study, and their average
age was 37.5 years (range 25-61 years); 35 were female.
Body mass index (BMI) was 44.9 + 7 kg/m?; all were
scheduled for bariatric surgery. All obese patients were
submitted to a lactulose hydrogen breath test and a sta-
tionary study of small intestinal motility. All subjects
signed an informed consent. This study was approved by
the Ethical Committee of the University Hospital of the
University of Chile.

Lactulose Hydrogen Breath Test

SIBO and OCTT were investigated by means of the H,
breath test with lactulose. The test was performed after a
12-h fasting; subjects consumed a low carbohydrate diet on
the day before.

After a mouthwash with 1% hexetidine (Duranil®,
Warner-Lambert Company), basal values of H, concen-
tration were measured. After the administration of 25 ml
of 66.7% lactulose (Duphalac® Griinenthal Lab. Santiago,
Chile) dissolved in 200 ml of distilled water, H, con-
centration (expressed as parts per million (PPM) in end-
expiratory air) was measured by means of an automatic
analyzer (Quintron MicroLyzer Model CM2, Milwaukee,
Wisconsin, USA). The following criteria was used to
define the presence of SIBO: an increase over basal val-
ues of H, concentration of 10 PPM or more during the
first 60 min, with an associated second peak caused by
colonic fermentation of lactulose. Orocecal transit time
expressed in minutes was defined as the time elapsed
between lactulose ingestion and the initiation of a sus-
tained increase in H, concentration. In the presence of
SIBO, we used the time from the onset of the second H,
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concentration peak, corresponding to colonic fermentation
of lactulose.

Small Intestinal Motility

Duodenal motor activity was studied by means of a multi-
lumen, perfused catheter assembly, which incorporated
four polyvinyl tubes (internal diameter, 0.9 mm) glued
together with tetrahydrofuran and with side holes spaced
3 cm apart. They were continuously infused with bubble-
free distilled water by a pneumo-hydraulic capillary infu-
sion system (Arndorfer Medical Specialities, Greendale,
Wisconsin, USA) at a rate of 0.4 ml/min. The manometric
catheters were attached to external TP-400t pressure
transducers and connected to a Nihon Kohden polygraph
(Nihon Kohden, Tokyo, Japan).

The outputs of the amplifiers were, in turn, connected to
an analog—digital converter in a personal computer, and
signals were analyzed by a computer program developed in
our laboratory.

After an overnight fast, the catheter assembly was pas-
sed into the mouth to the stomach and was placed under
fluoroscopic control until the tip of the assembly had
reached the angle of Treitz, therefore, the recording sites
were located in the third and fourth part of the duodenum.
Studies were performed in the fasting state only.

Analysis of Motor Activity

The different phases of the MMC and clustered contrac-
tions were identified by direct visual inspection of the
chart-recording paper using the following criteria: phase I
was characterized by the complete absence of contractions;
phase II consisted of irregular phasic contractions, which
culminated in a burst of rhythmic phasic contractions at a
frequency of 12 cpm (phase III). To define MMC activity,
the presence of at least one phase III, preceded by phase 11
and followed by phase I, was required. Clustered contrac-
tions were defined as a sequence of three to ten rhythmic
contractions, preceded and followed by a quiescent period
of 1-5 min in duration (Fig. 1).
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Fig. 1 Clusters of contractions followed by phase III of the MMC,
defined as a sequence of three to ten rhythmic contractions, preceded
and followed by a quiescent period of 1-5 min in duration
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The frequency and amplitude of contractions were cal-  Table 2 Histological finding in 26 patients with liver biopsy
culated by means of the computer program. Normal  Steatosis  Steatohepatitis ~ Fibrosis*
Statistical Analysis O-SIBO (—) 1 4 7
O-SIBO (+) 4 4
Comparison within obese patients with and without SIBO  Total 5 8 8

for age, BMI, OCTT, and motility parameters were made
using Student’s ¢ test for un-paired observations.

The presence of cyclic activity of the MMC in both
groups was compared using Fisher’s exact test and the two
sample proportion tests for the percentage of the MMC of
the total recording time occupied by phase II. All results
are expressed as the mean =+ standard error (SE) and a
p value of <0.05 was considered to be statistically signif-
icant.

Results
Lactulose H, Breath Test

SIBO was observed in 16 obese patients. This group of
patients had a significant lower mean age compared to the
group in which SIBO was not present. No differences in
BMI were observed between obese subjects with SIBO and
obese subjects with a normal H, breath test (Table 1).

Fifteen patients were asymptomatic; occurrence of
symptoms possibly associated to SIBO is shown in
Table 1. None of the patients had diabetes or liver cir-
rhosis. Elevated transaminase levels were observed in
seven patients, six of them without SIBO. Liver biopsy was
performed in 26 patients, their findings are shown in
Table 2.

Among the obese subjects, no differences were observed
in OCTT between subjects with (109 & 16 min) and
without SIBO (108 £ 22 min) (p = 0.4).

Small Intestinal Motility

The duration of the manometric recordings was not dif-
ferent between obese patients with or without SIBO
(Table 3). Cyclic activity of the MMC was present in all
obese subjects without SIBO, but was absent in two obese

* Steatohepatitis was present in all of these patients

patients with SIBO. The MMC cycles and phase I durations
were not different comparing both groups (Table 3).
Manometric characteristics of phase II are shown
(Table 4): several parameters, such as duration, the per-
centage of the MMC cycle of the total recording time
occupied by phase II, or the amplitude or frequency of
contractions during phase II were no different in obese
patients, with or without SIBO. In contrast, a marked
increase in the occurrence of clustered contractions
(p < 0.001) was observed in all obese patients with SIBO
(including those with or without cyclic activity) compared
to obese subjects without SIBO. The absolute and relative
number of phase III duration and the amplitude of con-
tractions were not different between both groups (Table 5).

Discussion

In the present study we have observed 41% of prevalence
of SIBO in obese patients. While parameters of small
intestinal fasting cyclic motility were not essentially dif-
ferent comparing normal obese subjects to those with an
abnormal lactulose breath test. A marked increase in the
occurrence of clustered contractions among obese patients
with SIBO was observed.

The presence of SIBO has been defined by different
methods, such as the direct culture of jejunal aspirates,
currently considered the gold standard, or by indirect tests
such as H, breath test using glucose or lactulose as sub-
strate. The relative accuracy of these tests remains con-
troversial, as being the optimal criteria for the diagnosis of
SIBO based on the pattern of breath hydrogen excretion
[23]. Because of its relatively non-invasive nature, we

Table 1 Demographic characteristics and symptoms of obese patients with and without SIBO

n % x age (years) F/M BMI (kg/m?) Abdominal pain Bloating Diarrhea
X Range
O-SIBO (—) 23 59 40.7 £ 2.1 22/1 453+ 1.8 31.8-64.3 6 8
O-SIBO (+) 16 41 331+£19 13/3 4422 + 1.2 38.3-55.0 6 10
p value - - 0.008 - 0.6 - - - -

F/M Female/male ratio
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Table 3 Manometric characteristics of cycles of MMC and phase 1

n Experiments duration (min) Cyclic activity present Cycles duration (min) Phase I duration (min)
O-SIBO (—) 23 258 £ 13 23 104 + 12 99+ 1.8
O-SIBO (+) 16 242 £+ 18 14 118 + 13 9.0+ 1.6
p value - 0.20 0.16 0.22 0.38
n Number of patients
O Obese patients
Table 4 Manometric characteristics of phase II

n Duration % of Total time % of Contractions Frequency CC/h

(min) cycles of phase II experiment amplitude (mmHg) (cpm)
O-SIBO (—) 23 84.7 + 12 79.6 226 £ 61 84.9 249 £5.1 0.8 £ 0.08 0.3
O-SIBO (+) 16 101.4 £+ 14 82.8 213 £ 69 87.9 277 £ 25 0.9 £ 0.09 4.58%*
p value - 0.31 0.40 0.36 0.39 0.18 0.19 <0.001
CC/h Clustered contractions per hour
O Obese patients
cpm Contractions per minute
Table 5 Manometric characteristics of phase III
n nlexp n/h Duration (min) Contractions amplitude (mmHg)

O-SIBO (—) 23 1.9 £0.16 0.5 £ 0.06 5.7+ 043 31.1 + 2.65
O-SIBO (+) 16 2.0 £ 0.01 0.5 £ 0.01 52+04 26.8 £ 0.14
p value - 0.36 0.33 0.24 0.14

nlexp Number of phase III per experiment
n/h Number of phase III per hour
O Obese patients

chose to use the lactulose breath hydrogen test and diag-
nostic criteria that have been extensively used by others.

The reason why some obese patients may develop SIBO
is unclear, but does not appear to be related to a more
advanced age; in fact, obese subjects with SIBO were on
average, younger than those who did not have SIBO. Also,
the presence of SIBO was independent of gender and
OCTT. An underlying motor abnormality seems to be a
more likely explanation given the prominence of clustered
contractions among obese subjects with SIBO and the
absence of fasting cyclic activity in two patients with
SIBO. In all the other obese subjects, the duration of cyclic
activity and the manometric characteristics of the different
phases were not different. Our results are in accordance
with a previous study [22] in obese patients, in which the
duration of the intestinal MMC and their respective phases
were normal. The same authors observed, however, that the
gastric component of phase III and plasma motilin levels
were decreased in obese subjects. These parameters were
not studied here.

The small intestinal motor response to food ingestion
was not investigated in this study; however, it is unlikely,
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given our understanding of relationships between motor
patterns and SIBO, that any post-prandial alteration in
motor activity might contribute significantly to the devel-
opment of SIBO as an isolated disorder.

Another factor not investigated in our study was gastric
emptying. Several studies have reported an accelerated rate
of gastric emptying of solids in obese subjects [17, 18]. It is
possible to speculate that the rapid delivery of an excessive
amount of food to the duodenum could serve as a substrate
for bacteria.

Clustered contractions (CC) represent a motor pattern
described in several pathological conditions, such as partial
small intestinal obstruction and pseudo-intestinal obstruc-
tion [24], and it has also been described in liver cirrhosis
[7, 8]. It is interesting to note that SIBO has also been
observed in all of the previously mentioned disorders. This
motor disorder has been recorded, as in the present series in
presence of cyclic activity of the MMC, or in association
with a complete suppression of normal fasting activity of
the small bowel, as has been observed in advanced stages
of liver cirrhosis [8]. In this last condition, prolonged
administration of either prokinetics, antibiotics, or
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orthotopic liver transplantation [25, 26], has resulted in
motility improvement, including the reappearance of cyclic
activity of the MMC and the suppression of CC activity.
These changes in small intestinal motility were also coin-
cident with an improvement in the lactulose H, breath test.
If CC is associated with an impairment of small bowel,
propulsive motility is unclear.

An alternative and possible conclusion of the present
study is, of course, that an increased density of bacteria in
the upper small intestine may result in (rather than be a
consequence of) the altered motility pattern characterized
by an increase in CC activity.

Irritable bowel syndrome is a common disorder in which
dysmotility of the small intestine and SIBO have both been
implicated. Earlier manometric observations [27] revealed
an increase in CC activity in these patients; on the other
hand, Pimentel et al. [28, 29] have reported SIBO in 78—
84% of patients with IBS. However, this finding has not
been confirmed by other studies, and this observation is a
matter of controversy. In a recent study [30] with a large
number of IBS patients, SIBO established by culture of
jejunal aspirate was only observed in 4% of patients.
Dysmotility was recorded in the presence of SIBO but CC
was not increased.

The appearance of CC in the presence of SIBO could,
alternatively, be the result of the overgrowth of some
specific strains of bacteria or perhaps of the presence of
some additional factors such as liver disease; it was not
possible to establish the relevance of these and other fac-
tors in this study.

Another interesting and potentially related observation
is that ethanol has been shown to induce a pattern of pre-
dominant CC’s in normal volunteers [31]. Enhanced
endogenous ethanol production has been documented in
obese patients [11] and it might explain the appearance of
CC.

The relationship between SIBO and fatty liver disease
may be speculated by pulling together findings of two
published papers. The first describes an experimental
model of NAFLD in the ob/ob mice in which SIBO and
over-expression of TNF-a were both reported in the obese
animals. Treatment with a probiotic cocktail reduced total
fat content of the liver, lowered transaminase levels, and
improved liver histology [32]. The second study compared
germ-free animals with conventionally raised (gut colo-
nized by bacteria) mice [33]. While the conventionally
raised mice consumed 29% less chow, these animals con-
tained 42% more body fat than the germ-free animals.
When gut bacteria were introduced to germ-free mice,
there was a 57% increase in total body fat content. This
increase in body fat was accompanied by a rise of fasting
glucose and insulin levels, 2.3-fold increase in total liver
triglycerides, and increased expression of two enzymes

involved in hepatic synthesis of fatty acids: acetyl-CoA
carboxylase (Accl) and fatty acid synthase (Fas).

In conclusion, using the lactulose H, breath test with
restricted diagnostic criteria (60 min and a double peak),
the finding of SIBO in asymptomatic population has been
estimated in 20% by other studies [34], therefore it seems
that SIBO was more frequent in obese patients. However,
the absence of a control group of normal subjects with
similar age and female/male ratio with LBT and recording
of small intestinal motility, our results must be analyzed
with caution. Also, the relative small number of patients
with SIBO might explain why we have failed to identify
risk factors for the presence of SIBO in this patient pop-
ulation. The most striking motility pattern associated with
SIBO among obese subjects may be a consequence of
SIBO. The possible role of other factors in the development
of this altered motility and SIBO deserves additional
investigation.
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