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Hydrogen breath tests (HBT) are widely used for the diagnosis of small intestinal bacterial overgrowth (SIBO)

in patients with irritable bowel syndrome (IBS). However, the conclusions drawn from these studies are

highly controversial, and several discrepancies exist in the results. The aim of our study is to develop an

alternative 13C-glucose breath test (13C-GBT) methodology by measuring high-precision 13CO2/
12CO2

isotope ratios in exhaled breath to accurately diagnose SIBO using an optical cavity-enhanced CO2

isotope analyzer. In all, 118 diarrhea-predominant (IBS-D) patients diagnosed according to ROME III

criteria underwent 13C-GBT and HBT following the ingestion of a test meal containing 50 mg 13C-

enriched glucose with 50 g glucose. The excretion of 13CO2 enrichments and a cumulative percentage

dose of 13C-recovered (c-PDR) significantly depleted (p < 0.001) for the positive SIBO patients (n ¼ 25)

compared to the patients with negative SIBO (n ¼ 53) as diagnosed by HBT. A cut-off value of 5.47& at

45 min was indicative of a positive SIBO syndrome. Subsequently, a portion of IBS-D individuals (n ¼ 20)

whose HBTs were negative but 13C-GBTs were positive, suggesting HBT often fails to diagnose SIBO

when the patients may have “non-hydrogen-producing” bacteria. 13C-GBT also correctly diagnosed

SIBO in patients (n ¼ 20) within the “grey-zone” and during the preclinical phase of SIBO as opposed to

HBT. The prevalence of SIBO with IBS-D in Indian population was estimated to be 45.7%. Our study

demonstrates 13C-GBT, for the first time, as a clinically valid and sufficiently robust alternative diagnostic

methodology for an accurate evaluation of SIBO in IBS-D patients and superior to HBT.
Introduction

Small intestinal bacterial overgrowth (SIBO), a very common
gastroenterological disorder, is usually characterized by an
increased number and/or abnormal type of bacteria in the small
intestine, exceeding 105–106 colony-forming units (CFU) per mL
in jejunal aspirate.1,2 SIBO contributes to the development of
chronic diarrhea, bloating, macrocytic anemia, weight loss, and
even severe malabsorption and malnutrition caused by meta-
bolic bacterial effects.3 Several studies suggest that SIBO is
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closely associated with irritable bowel syndrome (IBS), which is
also one of the most common functional gastrointestinal
disorders worldwide of unknown etiology and pathogenesis.4,5

IBS is usually diagnosed by symptom-based criteria, known as
the Rome criteria.6,7 It is still the subject of debate whether
individuals with IBS should be diagnosed as SIBO or individuals
presenting with SIBO should be considered as the onset of IBS
because the symptoms of IBS and SIBO overlap to a large
degree.8 The overall prevalence of SIBO among patients with an
initial diagnosis of IBS is not yet exactly known because SIBO is
oen misdiagnosed and substantially underdiagnosed.9 Some
earlier reports, however, suggest that SIBO is regularly found
(30–85%) in individuals fullling diagnostic criteria for IBS,3

but these studies are extremely debatable. Thus, there is a
pressing need to develop a better diagnostic methodology with
high sensitivity and specicity for an early detection of SIBO.
Recently, some authors have also suggested that particular
attention should immediately be given to diagnosing SIBO in
patients, particularly with diarrhea-predominant IBS (IBS-D)
because the patients with IBS-D oen show a higher frequency
of SIBO than other subtypes of IBS, for example, IBS with
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constipation (IBS-C), mixed IBS (IBS-M) and unsubtyped IBS
(IBS-U).4 Moreover, it is also important to understand the clin-
ical prognosticators for considering diagnosis of SIBO in indi-
viduals presenting as IBS.

The current diagnosis of SIBO is still controversial and
consequently, considerable disagreements exist in the literature
as to which diagnostic methodology would be the most appro-
priate for routine clinical purposes.5,13 The standard method for
the diagnosis of SIBO is considered to be quantitative microbial
culture of jejunal aspirates. However, this method is invasive,
carries numerous inherent technical difficulties in the endo-
scopic harvesting of the jejunal uid and has a high risk of
contamination, indicating a cumbrous and impractical method
for routine clinical purposes—as well as not sensitive enough
for early detection and follow up of patients. Therefore, indirect
non-invasive breath tests, such as the hydrogen breath test10,11

and 14C-xylose breath test12 have recently been proposed as
diagnostic tools for SIBO. Currently, the hydrogen breath test
(HBT) by the ingestion of glucose or lactulose is considered to
be an important diagnostic method for the detection of SIBO
because the hydrogen is exclusively produced when carbohy-
drates are fermented by intestinal bacteria.10

However, there are various limitations and drawbacks in
HBT for the diagnosis of SIBO, as described in several reports
and review articles,13,14 and accordingly, the conclusions drawn
from the studies are highly controversial. The utility of HBT
with glucose is mostly limited by its low diagnostic sensitivity
(40%) and specicity (80%). The protocols of HBTs have not yet
been accurately standardised. Presently, there are no widely
accepted criteria for what establishes a positive HBT; therefore,
in most cases an increase in hydrogen concentrations $10–12
parts per million (ppm) above the basal value is considered to
be a positive test result for bacterial overgrowth.14 A positive
HBT may not always be indicative of the bacterial colonization
in the small intestine, as suggested by few authors,13,14 and
hence, the symptoms of a patient may not be caused by SIBO.
Sometimes, the precise distinctions would be extremely difficult
as there may be similarities in the excretion proles of volatile
metabolites in the expired breath in individuals with SIBO and
individuals with rapid intestinal transit in the case of a lactose
or lactulose test meal. Moreover, it is also possible that some
patients may produce other gases, such as methane, hydrogen
sulphide3,14 or others in their breath samples rather than
hydrogen, and under such conditions, HBT may not work if
SIBO is present. This suggests that a parallel measurement of
other gases in exhaled breath samples make the detection of
SIBO more precise and specic.

Some authors3,10 have proposed the possibility of measuring
CO2 along with H2, and to our knowledge, these measurements
have not yet been explored in detail. It should be mentioned
here that the measurement of 12CO2 alone may have an inu-
ence on the diagnostic accuracy because 12CO2 is also endoge-
nously produced at the same time in exhaled breath, depending
on the basal metabolic rates (BMR) in individuals. However, the
high-precision real-time measurement of 13CO2/

12CO2 stable
isotope ratios, together with H2 in breath samples aer the
ingestion of 13C-enriched glucose, would make the detection of
SIBO more specic and accurate. The principle of the
measurement of isotopic 13CO2 in exhaled breath is based on
the fact that a large part of CO2 remains in the intestine
following bacterial fermentation of glucose10 and as a conse-
quence, we hypothesized that individuals harboring SIBO
would exhale less 13CO2 in their breath compared with that in
IBS without SIBO. To our knowledge, while no proven 13C-
glucose breath test (13C-GBT) for measuring high-precision
13CO2/

12CO2 isotope ratios in real time for screening individuals
with suspected SIBO in patients with IBS has been reported to
date, the aim of the present study was, therefore, to standardize
and validate this methodology for diagnostic assessment.

In this article, we report for the rst time, the clinical
effectiveness of 13C-GBT method as an alternative non-invasive
approach for the diagnosis of SIBO with individuals particularly
presenting as diarrhea-predominant IBS (IBS-D). We applied a
laser-based high-resolution cavity-enhanced absorption spec-
troscopy method for the measurements of 13CO2/

12CO2 isotope
ratios in real time. We also compared our results with those of
HBT. In addition, a statistically signicant diagnostic cut-off
point of the 13CO2 isotopic enrichments in exhaled breath was
determined to obtain an insight into the diagnostic efficacy of
13C-GBT methodology to identify SIBO.
Materials and methods
Subjects

The present study was approved by the Ethics Committee
Review Board of AMRI Hospital, Salt Lake, India (study no.:
AMRI/ETHICS/2013/2). Administrative approval (Ref. no.: SNB/
PER-2-6001/13-14/1769) from the S. N. Bose Centre, Kolkata,
India was also obtained. All patients gave informed written
consent prior to participation in the present study. A total of 118
patients (74 male, 44 female, age: 23–75 years) with diarrhea-
predominant IBS diagnosed according to the symptom-based
Rome III criteria were enrolled in the present study, and
subsequently, all these subjects with suspected SIBO were
considered for 13C-GBT to explore the simultaneous measure-
ments of 13CO2/

12CO2 isotope ratios and H2 concentrations in
exhaled breath samples. Each subject lled in a set of Rome III
questionnaires before 13C-GBT that allowed the interpretation
of the IBS sub-type, as this has previously been employed and
recommended.6,7 However, subjects were excluded from the
present study if they had been taking antibiotics or proton
pump inhibitors during the preceding four weeks of the study;
colonoscopy within a week before HBT; treatment with drugs
that interfere with gastrointestinal motility; or if they had a
previous history of prior gastric surgery, corrosive injury,
systematic sclerosis, diabetes, liver cirrhosis, COPD, smoking
and taking any medication that hamper glucose metabolism.
Breath sample collection and measurements

The subjects underwent the 13C-GBT protocols aer an over-
night fast (�10–12 hours) by ingesting a drink containing 50 mg
13C-labelled glucose (CLM-1396-CTM, Cambridge Isotope
Laboratories, Inc. USA) with 50 g normal glucose dissolved in
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Fig. 1 The flow diagram representing the steps of the procedure
followed in this study.
250 mL of water. A baseline breath sample was collected in a
750 mL breath collection bag (QT00892, QuinTron Instrument
Co. USA) before the administration of the 13C-enriched
substrate. Additional breath samples were then collected at 15
min intervals for 180 min for the measurements of 13CO2/

12CO2

isotope ratios by a high-precision laser-based isotopic CO2

integrated cavity output spectrometer (ICOS; CCIA 36-EP, LGR,
USA). The CO2 spectrometer, its feasibility test and standard
procedure for high-precision isotopic breath CO2 measure-
ments in real time have been described in detail elsewhere.15,16

In brief, two high reectivity mirrors (R � 99.98%) at the two
ends of a cylindrical measurement cell (59 cm long) form a high-
nesse optical cavity, providing an effective optical path length
of 3 km. A temperature-controlled continuous wave distributed
feedback diode laser (cw-DFB) operating at �2.05 mm was used
in this ICOS spectrometer to simultaneously scan the absorp-
tion lines of 12CO2 and

13CO2 isotopes. The absorption features
of 12C16O16O and 13C16O16O isotopes corresponding to R(28)
and P(16) rovibrational lines at the wavenumbers 4874.448
cm�1 and 4874.086 cm�1 respectively, were used to determine
the 13C/12C isotope ratios in this spectrometer that arise from
the (2n1 + n3) vibrational combination band of the CO2molecule.
The cavity of the ICOS is regulated at 46 �C by a resistive heater
and feedback control system. A typical pressure of 30 Torr is
maintained inside the cavity through a diaphragm pump. A
solenoid valve along with mass ow controllers are used to
control the ow of breath samples inside the cavity. The accu-
racy and precision of the instrument were veried by repeated
measurements of three calibration standards with d13C& values
of �22.8&, �13.22& & �7.33& (Cambridge Isotope Labora-
tory, USA); a precision of 0.2& was achieved.

The CO2 isotopic ratios in breath samples is usually reported
as the delta over baseline (DOB) values relative to the interna-
tional standard Vienna Pee Dee Belemnite value (PDB ¼
0.0112372) in per mil (&), i.e., dDOB

13C&. All experimental
results were expressed in dDOB

13C& values, which refer to the
post-baseline and baseline relation of 13CO2/

12CO2 isotope
ratios in exhaled breath samples. All breath samples were
repeated. However, H2 concentrations in ppm were measured
by gastrolyzer, and patients were instructed to directly blow into
the H2 measurement equipment (Gastro+ Gastrolyzer, Bedfont
Scientic Ltd. Model no.: CE0086). At rst, fasting breath
hydrogen was estimated, and then the measurements were
done at 15 min intervals for 180 min following the ingestion of
13C-enriched glucose. The average of three values was taken as
basal breath hydrogen test. 13C-GBTs were performed under
absolutely blind conditions, with no knowledge of the HBT
results. The detailed protocol followed in this study is shown in
Fig. 1. It should be mentioned here that during the test, any
kind of food, drink, smoking or physical exercise were not
allowed. The subjects also washed out their mouths before
ingesting the 13C-substrate to avoid any kind of contact of the
test substrate with the oral bacteria. Furthermore, the subjects
also received instructions not to ingest cane sugar, corn, and
corn products during the last few days before 13C-GBT to avoid
the naturally enriched 13C items and also not to take slowly
absorbed carbohydrate (like bread), leafy vegetable, legumes
and ber on the previous night of the test, to reduce the basal
H2 level.
Statistical analysis

Nonparametric statistical analyses (Mann–Whitney test) and
one-way ANOVA analyses were performed to assess the breath
test results. Data were expressed as mean � SD. Box and whis-
kers plots were utilized to demonstrate the statistical distribu-
tion of dDOB

13C& values in exhaled breath samples. Results
were also expressed as the cumulative percentage dose of 13C-
recovered (c-PDR%) in breath samples aer correction for
variability of endogenous CO2 production caused by different
BMRs in individuals. Data analysis was performed using Origin
Pro 8.0. A two-sided p value <0.05 was considered to indicate
statistical signicance.
Results and discussion
Validation of 13C-GBT for diagnosis of SIBO

Fig. 2 depicts the excretion kinetic patterns of dDOB
13C& values

and H2 concentrations in exhaled breath samples for n¼ 78 IBS-
D patients aer the ingestion of 13C-enriched glucose. In the
rst series of experiments, we investigated the 13C-GBT on 78
patients where the test is considered positive SIBO if the basal
value of H2 is #5 ppm; there was a clear peak of H2, exceeding
20 ppm within 60 min, as previous studies suggested that
subjects with this consideration is a very likely to be indicative
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Fig. 2 The excretion kinetics profiles of dDOB
13C (&) and change in the

concentration of H2 (ppm) for SIBO positive (n¼ 25) and SIBO negative
(n ¼ 53) IBS-D subjects. Error bars correspond to 1 SD.
of a positive test result.10 We observed that in case of IBS-D
individuals with a positive H2 breath test (n¼ 25), the dDOB

13C&
values in breath samples depleted more compared with the IBS-
D patients with negative H2 breath test (n ¼ 53). Consequently,
there was a clear distinction of the dDOB

13C& values in breath
samples aer 45 min between IBS-D individuals with positive
and negative H2 breath tests, demonstrating that the measure-
ments of dDOB

13C& values in breath samples is also an alter-
native diagnostic tool for the non-invasive detection of SIBO in
IBS-D patients.

It was previously reported that under physiological circum-
stances, glucose is readily absorbed in the small intestine.10 It is
initially decomposed by anaerobic bacteria into short-chain
fatty acid (SCFA), CO2, hydrogen and even deconjugate bile acid
as a part of the fermentation reaction if there is bacterial
overgrowth in the small intestine.10 This may contribute to the
pathogenesis of diarrhea in patients with SIBO, as recently
suggested by Ghoshal et al.4 However, in our observation, a
signicant decrease of dDOB

13C& values in breath samples in
case of IBS-D patients with suspected SIBO (positive HBT)
compared with IBS-D patients without SIBO (negative HBT) is
attributable to the fact that a small part of 13C-enriched glucose
is fermented by bacteria to produce 13CO2, which mostly
remains unabsorbed in the intestine and as a result,
Fig. 3 (A and B) show statistically significant difference in dDOB
13C (&) va

SIBO positive (n¼ 25) and SIBO negative (n¼ 53) IBS-D subjects at 45 mi
actual experimental data points.
comparatively less 13C-enriched glucose would be available to
the cell to oxidize it to produce 13CO2 in the exhaled breath.
Although the exact mechanism of these observations is not yet
known, our ndings, however, suggest that the IBS-D patients
with suspected SIBO could clearly be distinguished from IBS-D
individuals without SIBO on the basis of isotopic enrichments
of CO2 in exhaled breath samples.

Fig. 3A and B depict box-and-whisker plots of dDOB
13C

values in per mil (&) and H2 concentrations in parts per
million (ppm) at 45 min to illustrate the statistical distribu-
tion of 13CO2 enrichments and the amount of H2 productions
in IBS-D patients with and without SIBO. We observed that the
mean (2.35 � 1.10& versus 8.82 � 1.06&), median (2.63&
versus 8.38&) and inter-quartile ranges (2.52–2.98& versus
7.13–10.40&) of dDOB

13C& values decreased signicantly (p <
0.001) for IBS-D with SIBO patients compared to IBS-D
without SIBO patients, indicating the potential of high-
precision measurements of 13CO2/

12CO2 isotope ratios as an
alternative methodology to accurately diagnose SIBO in IBS-D
patients.

We subsequently determined the cumulative percentage
dose of 13C-recovered (c-PDR%) at 45 min in exhaled breath
samples for both positive and negative SIBO patients. We
applied the Klein et al. equation17 following the correction of
endogenous CO2 production to calculate the cPDR% in breath
samples, and subsequently, the results are illustrated by box-
and-whiskers plots, as shown in Fig. 4A and B. Although there
was no statistically signicant difference of endogenous CO2

production rates, but a marked difference of c-PDR (%) values
between IBS-D patients with and without SIBO exhibited the
evidence of bacterial overgrowth and thus conrmed the clin-
ical feasibility of the 13C-GBT in the diagnosis of SIBO in IBS-D
patients.

Our observations also suggest that an optimal cut-off level of
dDOB

13C& value #5.47& at 45 min is indicative of positive
SIBO, as depicted in Fig. 5. The cut-off point was found to be
greater than 2 standard deviations (SDs) from the means of
dDOB

13C& values of SIBO-positive and negative patients, indi-
cating the risk of false-positive or false-negative results of
13C-GBT for the diagnosis of SIBO were lower than 2.3% using
the cut-off value of 5.47& at 45 min. We can also take a cut-off
lues and change in hydrogen concentrations above the basal value for
n. Scattered points, represented as diamonds and circles correspond to
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Fig. 4 (A) Shows statistically insignificant (p¼ 0.16) difference of endogenous CO2 production rates related to BMR between IBS-D patients with
and without SIBO. (B) A statistically significant difference (p < 0.001) is observed in c-PDR (%) in exhaled breath samples between the two groups
of IBS-D patients at 45 min after the ingestion of 13C glucose. Scattered points, represented as diamonds and circles correspond to actual
experimental data points.

Fig. 5 Illustrates the optimal cut-off levels of dDOB
13C& value#5.47&

at 45 min and 9.42& at 60 min. The values are well separated (more
than �2 SD) from the means for the both groups of IBS-D patients at
45 min and 60 min, respectively. Fig. 6 Illustrates a group of IBS-D (n¼ 20) patients (H2 level: 3–8 ppm)

follows the similar excretion pattern of dDOB
13C (&) values in exhaled

breath of previously detected SIBO positive patients (n ¼ 25), indi-
cating the false negative results of HBT. Error bars correspond to 1 SD.
value of 9.42& at 60 min to discriminate positive and negative
results, as shown in Fig. 5.
Discriminatory results between 13C-GBT & HBT

In the second series of studies, we explored the excretion
proles of dDOB

13C& values on IBS-D patients (n¼ 20) whose H2

concentrations in exhaled breath samples were in the range of
3–8 ppm at 45 min aer the ingestion of 13C-enriched glucose.
As there was no signicant increase of H2 levels (typically $10–
12 ppm) above the basal value (which was #5 ppm), normally,
the test should not be considered as a positive indication of
SIBO, according to the previously reported observations.10,14

However, we observed a very interesting behaviour of dDOB
13C&

values in our results; all these patients followed the similar
excretion proles of dDOB

13C& values with the proles of IBS-D
patients presenting as positive SIBO, as depicted in Fig. 6. At
standard post therapy, all patients exhibited marked improve-
ment in symptoms, thus suggesting the false-negative results of
the hydrogen breath test for this group of patients.

It has previously been reported that many individuals have
non-hydrogen-producing colonic bacteria and hydrogen-
consuming bacteria;5,10 in such a situation, patients do not
excrete hydrogen but can produce other gases, for instance, CO2

as a part of the fermentation process. Therefore, HBT may not
always be useful for the diagnosis of SIBO. Moreover, our
ndings suggest that HBT can also underestimate the presence
of SIBO. In this context, some authors have also suggested that
lactulose HBT may be useful for the cases of “non-hydrogen
producing” individuals. But recently, U. C. Ghoshal et al.8

demonstrated that lactulose HBTmay not be appropriate for the
diagnosis of SIBO in Asian populations, more specically in
Indian patients because of shorter mouth-to-cecum transit
time. However, our high-precision measurements of dDOB

13C&
values in exhaled breath samples aer the ingestion of 13C-
enriched glucose correctly diagnosed SIBO in IBS-D patients
(n¼ 20), suggesting it is a valid and potentially robust approach
for the non-invasive detection of SIBO when HBT fails to diag-
nose SIBO.
Inconclusive results of HBT

We subsequently investigated the efficacy of 13C-GBT on a
portion of IBS-D individuals (n¼ 20) whose H2 levels were in the
range of 10–20 ppm above the basal value following the inges-
tion of 13C-labelled glucose, as shown in Fig. 7.

When the H2 levels in exhaled breath fall in this region (10–
20 ppm), the test result is considered a “borderline positive” or
may be termed as “grey-zone” result. Sometimes, it is critical to
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Fig. 7 Shows the “grey-zone” of hydrogen concentration (10–20
ppm) above basal value for n ¼ 20 IBS-D patients and their corre-
sponding dDOB

13C& values for 13C-GBT. 11 IBS-D patients are above
and 9 IBS-D patients are below the cut-off at 45 min assessed by 13C-
GBT. Scattered points, represented by squares and inverted triangles
correspond to actual experimental data points.
correctly diagnose SIBO if the H2 levels are very close to the
selected borderline (i.e., 10–12 ppm in most cases for HBT) or
within the “grey-zone”, and consequently, the results of HBT
remain debatable and affect the diagnostic accuracy of SIBO.
Therefore, the measurements of H2 levels in breath samples
within this area should be carefully interpreted. This “grey-
zone” may contain unreliable results, which accounts for
instinctive variations of H2 levels in breath samples aer the
glucose load, patient's metabolisms and considerable hetero-
geneity of symptoms, as well as the limits of the analytical
precision of H2 measurements. Furthermore, many IBS-D
patients may fall in the “grey-zone”when SIBO is just “switched-
on” or individuals are at the onset of new symptoms associated
Fig. 8 A and B show H2 concentrations between positive and negative S
dDOB

13C& measurements (p ¼ 0.03 for negative 13C-GBT and p < 0.001

Table 1 Summary of prevalence of SIBO in IBS patients in Indian popula

Diagnostic methods No. of IBSc patients P

HBTa 225 1
HBTa 69 1
HBTa 148 7
13C-GBTb 118(IBS-De) 4

a HBT, hydrogen breath test. b 13C-GBT, 13C-glucose breath test. c IBS, ir
e IBS-D, diarrhea-predominant irritable bowel syndrome.
with SIBO. However, it is still controversial when or how to
recognize IBS patients at risk for SIBO or during the preclinical
phase of SIBO; therefore, an accurate, fast, high-precision along
with ultra-sensitive measurement of H2 or isotopic CO2 in real
time prior to the acute onset of SIBO remains a challenge.

Fig. 8A and B show that when the H2 levels are at the
“borderline” or within the “grey-zone”, the signicant level of
the statistical analyses of H2 concentrations between positive
and cut-off value for HBT is degraded (p ¼ 0.24) compared with
the statistical level of dDOB

13C& measurements (p ¼ 0.03 for
negative 13C-GBT and p < 0.001 for positive 13C-GBT) in breath
samples.

In the present study, the dDOB
13C& values in breath samples

were measured with a precision or accuracy of�0.25&, whereas
the typical accuracy level of the current H2 measurement system
is within�10%. This indicates that when an individual is just at
the onset of SIBO or the H2 level is at the “borderline” or in the
“grey-zone”, HBT may not be an appropriate diagnostic tool for
an accurate diagnosis of SIBO. However, our ndings suggest
that the measurements of dDOB

13C& values with a precision of
�0.25& in breath samples aer the ingestion of 13C-labelled
glucose can precisely diagnose the evidence of SIBO in IBS-D
patients, thus validating the widespread clinical efficacy of 13C-
GBT in the diagnosis of SIBO and also proposing that the
methodology is suitable for an early diagnosis and follow-up of
SIBO patients in routine clinical practice or daily decision-
making method.
Prevalence of SIBO

Finally, we explored the prevalence, i.e., the percentage of SIBO
in IBS-D patients. In this study, the prevalence of SIBO was
IBO patients is degraded (p ¼ 0.24) compared to the statistical level of
for positive 13C-GBT) in breath samples from grey-zone patients.

tion

ercentage of SIBOd in IBS patients References

1.0% Rana et al.18

3.0% Gupta et al.19

.0% Ghoshal et al.20

5.76% [male, 47.29%; female, 43.18%] Present study

ritable bowel syndrome. d SIBO, small intestinal bacterial over growth.
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estimated to be 45.7%. Table 1 illustrates the investigations on
SIBO in patients with IBS-D from India. Some earlier studies in
Indian populations demonstrated that the frequency of SIBO in
IBS patients was in the range of 7–11%18–20 when exclusively
assessed by HBT.

However, the present study is the rst experimental
demonstration showing that patients with IBS-D from India
have a higher prevalence of SIBO assessed by 13C-GBT
compared with some earlier studies in Indian populations. It
should be pointed out here that these previous studies in
Indian populations were carried out for the diagnosis of SIBO
using the HBT methodology. Because of numerous intrinsic
drawbacks and limitations of the HBT as mentioned before-
hand, as well as those demonstrated in the present study, the
previous investigations in Indian populations could possibly
have underestimated the frequency of SIBO in IBS patients.
However, utilizing the 13C-GBT, SIBO turned out to be more
prevalent in IBS-D patients than in Indian subjects, thus
suggesting a potential link between IBS-D patients and SIBO
symptoms.

Conclusion

This study conrms, for the rst time, the clinical feasibility of a
novel 13C-gluocse breath test (13C-GBT) by measuring high-
precision 13CO2/

12CO2 stable isotope ratios in exhaled breath
samples in the diagnosis of small intestinal bacterial over-
growth (SIBO) in diarrhea-predominant irritable bowel
syndrome (IBS-D) subjects. We have shown that the 13C-GBT
methodology can accurately diagnose the presence of SIBO even
when SIBO is just “switched-on” or at the onset of the
syndrome, as well as when the patients do not produce
hydrogen, thus making it a valid and potentially robust alter-
native non-invasive diagnostic approach for the detection of
SIBO that superior to the widely used hydrogen breath test
(HBT). We also observed a higher prevalence of SIBO in IBS-D
patients, thus indicating a strong association between IBS-D
patients and SIBO symptoms. Our ndings also suggest that the
present 13C-GBT methodology could routinely be used in many
clinical settings or laboratories for the diagnostic assessment of
SIBO in any subtypes of IBS patients when HBT fails to diagnose
of SIBO.
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