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IRRITABLE BOWEL SYNDROME (IBS) IS

a common diagnosis that affects
11% to 14% of the population.1,2

Currently, IBS is a diagnosis made
on the basis of meeting clinical crite-
ria.3-6 This symptom-based approach
has been used because no consistent
biological marker or unifying frame-
work has been available to explain the
different symptoms and findings of IBS.
The varying symptoms in IBS have led
to efforts looking at differences rather
than similarities between patients.6

Another way we have emphasized the
difference rather than the similarity is
in the grouping of one set of symp-
toms of these patients as IBS and an-
other set of symptoms as belonging to
some other diagnosis. The clinical cri-
teria for IBS do not include the extrain-
testinal symptoms that are common in
these patients such as fatigue or myal-
gia. Instead, these complaints are
viewed as symptoms of other diag-
noses that coexist with IBS such as
chronic fatigue syndrome7 and fibro-
myalgia.8 This separation may be an ar-
tifact of medical specialization.9 As such,
a unifying framework for understand-
ing IBS that could account for both the
gastrointestinal as well as the extrain-
testinal symptoms of these patients
would warrant serious consideration.

EVIDENCE ACQUISITION
Ovid MEDLINE was searched through
May 2004 for articles using combina-
tions of the terms bloating, gas, IBS, post-
infectious IBS, small intestinal bacterial

overgrowth (SIBO), microbial transloca-
tion, bacteria, visceral hypersensitivity, im-
mune response, autonomic dysfunction,
central nervous system, intestinal motil-
ity, fibromyalgia, chronic fatigue syn-
drome, interstitial cystitis, lactulose and
glucose breath test, and sickness behav-
ior. Additional sources were identified
by scanning through the bibliogra-
phies of articles and books. Publica-
tions reviewed ranged from random-
ized controlled trials to case-control
studies. Although randomized con-
trolled trials were considered to be the
strongest evidence, such studies were
few, so the evidence was considered to
be most compelling when there was
consistency among the results of mul-
tiple different studies. Quality of data
was assessed by publication in a peer-

reviewed journal. A few critical recent
abstracts were also considered.

EVIDENCE SYNTHESIS
Postprandial Bloating as a
Unifying Symptom of IBS

Regardless of whether an IBS patient is
troubled predominantly by constipa-
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Context Irritable bowel syndrome (IBS), which affects 11% to 14% of the popula-
tion, is a puzzling condition with multiple models of pathophysiology including al-
tered motility, visceral hypersensitivity, abnormal brain-gut interaction, autonomic dys-
function, and immune activation. Although no conceptual framework accounts for all
the symptoms and observations in IBS, a unifying explanation may exist since 92% of
these patients share the symptom of bloating regardless of their predominant com-
plaint.

Evidence Acquisition Ovid MEDLINE was searched through May 2004 for rel-
evant English-language articles beginning with those related to bloating, gas, and IBS.
Bibliographies of pertinent articles and books were also scanned for additional suit-
able citations.

Evidence Synthesis The possibility that small intestinal bacterial overgrowth (SIBO)
may explain bloating in IBS is supported by greater total hydrogen excretion after lactu-
lose ingestion, a correlation between the pattern of bowel movement and the type of
excreted gas, a prevalence of abnormal lactulose breath test in 84% of IBS patients,
and a 75% improvement of IBS symptoms after eradication of SIBO. Altered gastro-
intestinal motility and sensation, changed activity of the central nervous system, and
increased sympathetic drive and immune activation may be understood as conse-
quences of the host response to SIBO.

Conclusions The gastrointestinal and immune effects of SIBO provide a possible uni-
fying framework for understanding frequent observations in IBS, including postpran-
dial bloating and distension, altered motility, visceral hypersensitivity, abnormal brain-
gut interaction, autonomic dysfunction, and immune activation.
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tion, diarrhea, or pain, 92% of IBS pa-
tients complain of bloating and pain,
with 89% having a bloating score of 5
or greater (out of 10).10 Although many
IBS patients describe worsening of their
symptoms by food intake,11 most are
unsuccessful in identifying a food trig-
ger.12 This extremely common com-
plaint of postprandial bloating4 sup-
ports the possibility of a unifying
pathophysiology. This symptom is as-
sociated with abdominal distension and
has been corroborated by direct physi-
cal evidence of increased intestinal gas
as measured by abdominal films,10,13

computed tomography of the abdo-
men,14 and plethysmographic measure-
ment showing increased abdominal
girth at the end of the day but de-
creased girth overnight after fast-
ing.15,16 The possibility of a unifying ex-
planation for IBS is further supported
by reproducible x-ray findings of Koide
et al13 in which increased intestinal gas
was noted regardless of bowel move-
ment pattern. Of note, the increased gas
was localized to the small rather than
the large intestine.

Intestinal Gas Excretion
Is Greater in IBS
Although in some studies intestinal
gas volume of IBS patients has been
reported to be no different than that of
healthy controls,17,18 the gas measure-
ment in these studies was done in a
fasting state. As such, no conclusion
can be drawn from these studies
regarding meal-induced bloating in
IBS patients. In contrast, both total
hydrogen production (median, 332 vs
162 mL) and maximal rate of gas
excre t ion (2 .4 mL /min vs 0 .6
mL/min) were greater following lactu-
lose ingestion in IBS patients (6 sub-
jects) than healthy controls.19 This
finding of a 4-fold greater rate of maxi-
mal gas excretion and greater total
hydrogen excretion provided direct
evidence of increased gas production
in IBS in the presence of a fermentable
substrate. Since the excreted gases
were hydrogen and methane, this
abnormal response to lactulose in IBS
patients cannot be explained by a

disaccharide intolerance.20 This group
reported similar findings in another
study where the 24-hour total excre-
tion of hydrogen following lactulose
was substantially greater in IBS
patients (median, 333.7 mL /24 h;
interquartile range, 234.7-445.67 mL)
than in normal volunteers (median,
203.1 mL/24 h; interquartile range,
131.4-256 mL; P = .002) or IBS
patients who failed exclusion diet
(median, 204 mL/24 h; interquartile
range, 111.35-289.13 mL; P= .02).21

Current construct models of the
pathophysiology of IBS, including
abnormal motility,22 visceral hypersen-
sitivity,23 altered brain-gut interac-
tion,24 autonomic dysfunction,25 and
immune activation,26 do not account
for the nearly universal symptom of
postprandial bloating, the physical evi-
dence of increased intestinal gas that is
localized to the small intestine, the
effect of probiotics on bloating,27 or
the increased gas excretion after lactu-
lose ingestion.19,21

Normal Intestinal Gas Production
From the seminal work of Levitt,28 we
know that the site of hydrogen produc-
tion by bacterial fermentation is lim-
ited to the distal gut. The duodenum
and jejunum are often sterile, and the
proximal ileum may be sterile. The
concentration of gut bacteria drops
precipitously from 1010-12 organisms
per mL in the cecum to 105-8 organ-
isms per mL in the terminal ileum,
100-5 in the proximal ileum, and 100-4

in the jejunum and the duodenum.29-31

For fermentation to begin, food must
reach these distal gut bacteria. In the
normal state, the digestibility of dietary
starch is the primary determinant of
how much bacterial fermentation takes
place in the gut (FIGURE 1).32 The
elimination of the hydrogen produced
by bacterial fermentation depends sig-
nificantly on methanogenic and
sulfate-reducing bacteria that convert
hydrogen to methane and hydrogen
sulfide.33 These organisms are highly
competitive so that the stool of an indi-
vidual contains high concentrations of
only 1 of these 2 types of organisms.

If Not the Food, the Problem
May Be the Bacteria
Since no specific food intolerance can
explain the greater increase in hydro-
gen excretion after lactulose inges-
tion,19 the abnormal fermentation prob-
lem may not be the food but rather, the
gut bacteria. If food is not moving down
to the bacteria, then bacteria may be
moving to the site of food assimilation
for fermentation and gas production to
take place. SIBO describes just such
proximal expansion of gut bacteria (Fig-
ure 1) and provides a biologically plau-
sible framework for the bloating of IBS.
What evidence is there to support the
role of bacterial overgrowth in IBS?

Prevalence of SIBO and Effect
of Antibiotic Treatment in IBS
In a study of 202 patients meeting Rome
I criteria for IBS by Pimentel et al,34 an
abnormal breath test result suggesting
SIBO was found in 78%. In this uncon-
trolled study, when the second breath
test result after antibiotic treatment be-
came normal, consistent with success-
ful eradication of bacterial overgrowth,
symptoms were reduced enough so that
only half of the patients still met clini-
cal criteria for IBS. The possibility of bac-
terial overgrowth as a unifying frame-
work for understanding the symptoms
of IBS patients is further supported by
reduction of both gastrointestinal and
extraintestinal symptoms when eradi-
cation of SIBO was achieved.34 How-
ever, it is not clear at this time whether
alteration of colonic bacterial flora by an-
tibiotics may also play a role in symp-
tom improvement.

These findings were then corrobo-
rated by a double-blind, randomized,
placebo-controlled study by Pimentel
et al35 where 111 patients were drawn
from the general IBS population, with
no a priori selection on the basis of
chief complaint. The prevalence of
abnormal lactulose breath test result
in this controlled study was 84% vs
20% in the control subjects who did
not meet Rome I criteria (odds ratio,
26.2; 95% confidence interval, 4.7-
103; P�.001). There was a graded
effect of treatment whereby the mean
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(SE) normalization of global symp-
toms within 1 week of randomization
was 11.0% (3.7%) for placebo-treated
patients, 36.7% (6.1%) for antibiotic-
treated patients who did not achieve
bacterial eradication, and 75.0%
(6.4%) for antibiotic-treated patients
who also achieved bacterial eradica-
tion (P�.001, 1-way analysis of
variance). This graded response is
consistent with an antibiotic-sensitive
pathophysiology of IBS. A similar
study consistency was demonstrated
by a double-blind, placebo-controlled
study that showed metronidazole to
be superior to placebo in relieving
symptoms in IBS patients,36 while
another recent report by Nucera et
al37 showed that 75% of 200 IBS
patients have an abnormal lactulose-
glucose breath test result consistent
with the presence of SIBO.

The Type of Gas May Contribute
to Constipation
If SIBO provides a unifying frame-
work for understanding IBS patients,
how does this account for the possibil-
ity of both constipation and diarrhea?
The type of gas produced by gut bac-
teria may be an important factor. In 2
studies by Pimentel et al,35,38 excretion
of methane alone was only found in
constipation-predominant IBS pa-
tients. Methane as a gas slows intesti-
nal transit39 and reduces postprandial
plasma level of serotonin,40 the media-
tor of the peristaltic reflex.41 Methane
excretion has been found in 65% of chil-
dren with encopresis compared with
15% of the control patients.42 A role for
gut bacteria as one of the factors in con-
stipation is further suggested by the
observation in 8 patients with chronic
idiopathic constipation that stool fre-

quency and consistency improved af-
ter a 14-day course of antibiotics.43

Abnormal Small Intestinal Motility
May Explain SIBO in IBS
Between meals, the interdigestive mo-
tility of the upper gastrointestinal tract
is characterized by a cyclical pattern of
activity known as the major migrating
complex (MMC).44 The MMC in-
cludes a period of powerful, lumen-
obliterating contractions that propa-
gates from the stomach or duodenum
distally to the terminal ileum (phase III
of MMC or the intestinal housekeeper
wave).44 When compared with record-
ings from healthy controls, the fre-
quency of these intestinal house-
keeper waves was significantly reduced
in IBS patients,45 which may also ex-
plain the abnormal gas retention that
is observed in IBS patients.18 The im-

Figure 1. Distribution of Intestinal Bacterial Flora in Normal Gut and in Small Intestinal Bacterial Overgrowth
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Gas Production

Easily Digestible
Starch (eg, Rice)
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and Absorption
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A, In the normal gut, easily digestible starch undergoes complete digestion and absorption within the proximal small intestine and is not available for fermentation in
the distal ileum and colon where bacterial colonization is the greatest.29-31 In contrast, gas production results from bacterial fermentation of poorly digestible starch that
is not assimilated by the proximal gut. B, In small intestinal bacterial overgrowth, the concentration of bacterial flora increases proximally allowing fermentation of both
easily digestible and poorly digestible starches.
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portance of the relationship between ab-
normal phase III of MMC and SIBO was
first described by Vantrappen et al46 in
patients with organic gastrointestinal
disorders and extended in animal and
human studies to the relationship be-
tween small bowel motility and gut bac-
teria47,48; small bowel motility and
SIBO49; and small bowel motility, SIBO,
and bacterial translocation.50

Why Is Prevention
of SIBO Important?
Bacterial translocation, a known com-
plication of SIBO,51 is the movement of
gut bacteria from the lumen across the
mucosal barrier.52 In rats, experimen-
tally induced SIBO leads to the appear-
ance of gut bacteria in the mesenteric
lymph nodes and visceral organs.49 A
potentially important consequence of
bacterial translocation is immune acti-
vation. In a report of 11 patients, an
increase in the number of intraepithe-
lial lymphocytes was observed as muco-
sal evidence of this immune response
to confirmed bacterial translocation.53

This adverse outcome could explain
why the normal gut has defensive
mechanisms in place to keep the bac-
terial flora away from the small intes-
tine, particularly the bowel proximal to
the ileum.

Immune Activation Is
Also Present in IBS
Mucosal evidence of an activated im-
mune response has been reported re-
cently in patients who develop IBS af-
ter recovering from acute gastroenteritis
(postinfectious IBS)54-56 and in those
without such history.57,58 Of the IBS
population, 25% to 30% of patients have
an antecedent history of acute gastro-
enteritis.54,55,59 In these reports, postin-
fectious IBS patients have an increased
number of intraepithelial lympho-
cytes,59,60 just like the patient with docu-
mented bacterial translocation.53

An episode of acute gastroenteritis is
not needed to explain immune activa-
tion in IBS. In a study of 77 IBS pa-
tients, an increase in the number of ac-
tivated intraepithelial lymphocytes was
found in almost 90% of the subjects re-

gardless of the acuteness of their onset
or their predominant gastrointestinal
symptom.26 The magnitude of the im-
mune activation in patients without a
history of acute gastroenteritis is, in fact,
even more prominent than those with
that history.26 These observations have
provided strong study consistency in
support of the biological plausibility for
a role of inflammation in IBS as pro-
posed by Collins.61-63 Any framework for
understanding IBS must, therefore, ac-
count for these and other observations
of immune activation.26,54,57,59 The role
of an underlying process that involves
inflammation in IBS is further sup-
ported by observations of a genetic pre-
disposition in some IBS patients to pro-
duce less anti-inflammatory products64

or more pro-inflammatory products.65

Although the trigger for the immune re-
sponse in IBS has not been identified,
SIBO would provide a framework for un-
derstanding the activated immune re-
sponse in IBS. In postinfectious IBS pa-
tients, along with immune activation,
there is also increased intestinal perme-
ability,59,66 which has a known associa-
tion with SIBO in animals67 and hu-
mans68 as the experimental correlate of
the “leaky gut syndrome.”

Immune Response to Bacteria
Explains Abnormal Motility and
Visceral Hypersensitivity
Lipopolysaccharide, an endotoxin of
gram-negative bacteria, accelerates in-
testinal transit.69 This may be medi-
ated by mast cell degranulation, im-
mune activation, cytokine production,
and the triggering of preprogrammed
responses of the enteric nervous sys-
tem, including hypersecretion and
power peristalsis70 leading to diarrhea
and cramping abdominal pain. Vis-
ceral hypersensitivity has been re-
ported as a characteristic of IBS.23 The
immune response to these bacterial
products would also explain this find-
ing. Lipopolysaccharide has also been
reported to induce visceral hypersen-
sitivity in rats.71 Weston et al72 pro-
posed earlier that increased mast cells
in the ileum of IBS patients might be
linked to altered visceral perception.

Similar to IBS, Fibromyalgia
May Also Be Explained by SIBO
It is well recognized that there is a high
degree of overlap between IBS, fibro-
myalgia, interstitial cystitis, and chronic
fatigue syndrome.7,73,74 While intersti-
tial cystitis75 and IBS23 are diagnoses as-
sociated with hypersensitivity at the
level of the bladder and gut, respec-
tively, fibromyalgia may be consid-
ered a kind of hypersensitivity at the
musculoskeletal level.73 Although the
cause of the hypersensitivity in these
disorders is not well understood, the
striking overlap of hypersensitivity in
these functional disorders suggests the
possibility of a unifying explanation. In
a study of patients meeting American
College of Rheumatology criteria for fi-
bromyalgia, an abnormal lactulose
breath test result suggesting SIBO was
found in 42 out of 42 patients.38 Fibro-
myalgia patients had a higher breath hy-
drogen concentration than IBS pa-
tients. Thus, an abnormal breath test
result suggesting SIBO may reflect a
common pathophysiological link be-
tween fibromyalgia and IBS. The im-
mune response to bacterial antigen in
SIBO provides a framework for under-
standing the hypersensitivity in both fi-
bromyalgia and IBS.

CONTROVERSIES
Diagnostic Approach to SIBO

Since direct culture is usually consid-
ered the gold standard for the diagno-
sis of a bacterial disease, the use of an
indirect approach such as the lactu-
lose breath test for the diagnosis of SIBO
is controversial. When it comes to di-
agnosing SIBO, the problem with the
direct approach is one of access. While
bacterial overgrowth can occur only in
the more distal portions of the 300- to
500-cm length of the small intestine,76

direct aspiration and culture are lim-
ited by the reach of instrumentation.
Since only the small intestine proxi-
mal to the ligament of Treitz is usually
reached by an endoscope (∼60 cm),
there is a high false-negative rate with
this approach for the diagnosis of
SIBO.77,78 Even with these limitations
of access, Simren et al79 reported that
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4 (12%) of 33 IBS patients had more
than 100000 colony-forming units of
bacteria of colonic origin in the duo-
denum. While the prevalence is con-
siderably lower than that detected by
lactulose breath testing,34,35,37 this study
provided direct confirmation of the ex-
pansion of colonic bacteria proxi-
mally all the way to the duodenum in
some IBS patients. Using glucose in-
stead of lactulose as the substrate for a
breath test is similarly limited,80 since
glucose is rapidly absorbed with the fer-
mentable substrate removed from the
lumen of the upper small intestine. In
contrast, since lactulose is poorly di-
gestible, this fermentable substrate does
remain available in the lumen for fer-
mentation by gut bacteria anywhere
along the gut (FIGURE 2).

Interpreting a Premature Rise
of Breath Hydrogen
A premature rise of breath hydrogen is
a feature of both bacterial overgrowth
and excessively rapid transit. How-
ever, 2 observations point away from
rapid transit as the primary explana-
tion for the findings by Pimentel et
al.34,35 First, the time-to-rise of breath
hydrogen normalized with successful

eradication of SIBO by antibiotics in the
IBS patients.35 Second, the abnormal gas
profiles of the constipation-predomi-
nant IBS (slow transit) patient over-
lapped with that of the diarrhea-
predominant IBS patients (fast transit).

Role of Sugar Intolerance in IBS
There has been recent interest in fruc-
tose intolerance as a possible explana-
tion for unexplained gastrointestinal
symptoms.20 Interestingly, there is a
similar pattern of malabsorption in IBS
patients across a number of tested fer-
mentable substrates.81 For many pa-
tients, the association between sugar in-
tolerance and IBS may be related to
bacterial overgrowth rather than true
sugar intolerance. Nucera et al37 found
a high rate of disappearance of malab-
sorption to lactose (86.6%), fructose
(97.5%), and sorbitol (90.9%) once
SIBO was eradicated. Similarly, Pimen-
tel et al reported that while the num-
ber of IBS patients with true lactose in-
tolerance was low (16%), a much higher
number (58%) had an abnormal lac-
tose breath test result and there was a
significant correlation between lactu-
lose (SIBO) and lactose breath test
result.38

Activated Immunity May Explain
Altered Brain-Gut Interaction and
Autonomic Dysfunction in IBS
Abnormalities of autonomic nervous
system function, including disturbed
sleep,82 have been described in pa-
tients with IBS.25 Using SIBO as a frame-
work for understanding IBS, these neu-
ral changes can be understood on the
basis of 2-way triggered communica-
tions between the immune system and
the autonomic nervous system.83 An ex-
ample of this interaction is the defen-
sive sympathetic response to stress
involving immune activation of norad-
renergic neurons.84 Using a variety of
brain imaging techniques, IBS pa-
tients have been observed to exhibit a
different pattern of brain response to
visceral stimuli than healthy control
subjects.24 Since inflammation in ani-
mal models leads to multiple changes
in the brain, including activation of neu-
rons as documented by Fos expres-
sion,84,85 alteration of hypothalamic-
pituitary-adrenal axis including
elevation of corticotropin-releasing
factor (CRF) concentration,86 and
change in neurotransmitter levels,87

such altered brain-gut interactions may
be a part of the systemic response to a

Figure 2. Regions of Intestine Accessible by Various Diagnostic Methods to Detect Small Intestinal Bacterial Overgrowth (SIBO)

Detection Method

Direct Aspiration
and Culture

Glucose Breath Test

Glucose

Lactulose

Lactulose Breath Test

Absorption Complete

Ligament of Treitz

100

Bacterial Concentration,
organisms/mL
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Duodenum IleumJejunum Colon

Major Region of Fermentation and Gas ProductionMajor Region of Fermentation and Gas Production

Detection of SIBO depends on location of and access to bacterial flora. SIBO by culture is defined by bacterial concentration proximal to the distal ileum �10 5 organ-
isms per mL. In this example of SIBO, the concentration of bacterial flora in the distal jejunum and ileum has increased to that typically present in the normal colon (1011

organisms per mL). Culture of intestinal flora sampled by direct aspiration, which commonly is able to access the duodenum, would not detect the region of increased
bacterial flora in this example. Similarly, a breath test using glucose as the fermentable substrate would only detect bacterial flora in the duodenum and proximal
jejunum because glucose is rapidly absorbed. In contrast, a breath test using lactulose, which is not absorbed by the intestine, would be able to detect bacterial flora
anywhere along the gut.
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trigger of inflammation. The immune
response to bacterial antigens is known
to lead to sickness behavior88 includ-
ing flu-like symptoms of fatigue, anxi-
ety, depression,89 and impaired cogni-
tion.90 Within that framework, the
psychological and psychiatric comor-
bidity that are so common in IBS91 and
the response of selected symptoms to
cognitive-behavioral therapy or anti-
depressants92 may be understood.

CONCLUSIONS
Given the marked variability of symp-
toms and findings in patients with IBS,
multiple models of pathophysiology
and varying treatment strategies have
been proposed. In this review, the avail-
able observations on IBS were consid-
ered and synthesized in an attempt to
achieve a goal of integration. In this ef-
fort, it is biologically plausible that the
gastrointestinal and extraintestinal
symptoms and findings of IBS have a
single, unifying explanation. Specifi-
cally, SIBO provides a framework for
understanding IBS by accounting for the
following observations in IBS pa-
tients. Nearly all of the symptoms and
findings of IBS are wholly consistent
with SIBO, including postprandial
bloating (which is nearly universal),
physical evidence of small bowel gas ir-
respective of predominant symptoms,
high prevalence of abnormal lactulose
breath test results, dramatic reduction
in symptoms when antibiotic therapy
is given and breath tests subsequently
normalize, altered gut motility, vis-
ceral hypersensitivity, abnormal brain-
gut interactions, evidence of auto-
nomic dysfunction, nearly uniform
immune activation regardless of prior
acute gastroenteritis, and extraintesti-
nal symptoms that are often flu-like in
quality.

As a unifying framework for under-
standing IBS and other functional dis-
orders, SIBO provides a target for ex-
citing research that may lead to better
diagnostic and treatment approaches.
SIBO is a condition characterized by a
chronic relapsing clinical course.76 Since
indefinite use of antibiotics is not an at-
tractive option, future research should

be directed at understanding and con-
trolling the interaction between host
and gut bacteria.
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