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Abstract
Background and Aims: Previous observations suggested that an early rise in breath hy-
drogen after lactulose (ERBHAL) may identify patients with irritable bowel syndrome
(IBS) likely to respond to probiotics. Therefore, we aimed to (i) investigate whether treat-
ment with a probiotic changes breath hydrogen response in patients with ERBHAL and (ii)
whether these changes identify patients who may benefit symptomatically from probiotics.
Methods: In a randomized, double-blind, placebo-controlled trial, patients with IBS
(Rome III) were randomized to either 65mL/day fermented milk product containing probi-
otic (FMPP) or placebo for 6weeks, followed by 6weeks’ open-label treatment and
6weeks’ withdrawal. Breath hydrogen responses to lactulose (15 g) and liquid-gastric emp-
tying time were evaluated before and at the end of each treatment period. Symptoms were
measured using a 100-mm visual analog scale.
Results: Loss of ERBHAL occurred in 36% of 23 patients receiving FMPP and 41% of 22
receiving placebo (P= 1.00). Amongst 40 patients who completed open-label FMPP treat-
ment, ERBHAL was lost in a further 38%, continued in 25%, and regained in 10%. Similar
variability occurred in the withdrawal phase. Variability was unrelated to changes in gastric
emptying. No differences in symptom response were seen between treatment groups nor in
relation to the loss or retention of ERBHAL.
Conclusions: Breath hydrogen patterns after lactulose are poorly reproducible. No FMPP-
specific effects on fermentation patterns or symptomswere observed. The presence of ERBHAL
is not useful to predict symptomatic response to probiotic therapy in patients with IBS.

Introduction

Recent findings of perturbations in the gastrointestinal microbiota in
patients with functional bowel disorders (FBD) strongly suggest the
potential for probiotics as effective therapeutic agents.1 Disappoint-
ingly, clinical responses to such therapies in FBD are heterogeneous.
High-quality randomized controlled trials have shown significant
benefits from selected probiotic strains on symptoms of FBD,2 but
the increment is often small when all patients are considered together.3

Identification of patients who respond well would enhance more
rational targeting of probiotic use. However, predictive factors, such
as symptom phenotype, have not been identified, and mechanisms
underlying symptomatic benefit have not been clearly elucidated.

There is currently significant interest in small intestinal bacterial
overgrowth (SIBO) and its role in symptom genesis in irritable
bowel syndrome (IBS). This has been stimulated particularly by
symptomatic responses to an elemental diet and antibiotics,4–8

which may or may not be related to the eradication of SIBO. How-
ever, the entity of SIBO is controversial due principally to the lim-
itation of diagnostic approaches.9 Breath hydrogen testing has
been widely applied with highly variable criteria for SIBO, none
of which are well validated because of the lack of a gold standard
comparison.10 The non-absorbed disaccharide, lactulose, has been
the most commonly used test sugar with an early rise in breath hy-
drogen after lactulose (ERBHAL) within 90min as the most
widely applied and physiologically feasible criterion.9 However,
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ERBHAL also occurs when oro-caecal transit is rapid.11 Despite
these diagnostic difficulties, eradication of SIBO provides an at-
tractive opportunity for the subsequent control of gastrointestinal
symptoms.
Evidence that probiotics might act by effects on SIBO is scant,

but, in an open-label pilot study, the ability of a probiotic to alter
fermentation patterns in the small intestine of patients with IBS
and ERBHALwas demonstrated. Six weeks’ therapy with 65mL
fermented milk product containing probiotic (FMPP),
Lactobacillus casei strain Shirota (Yakult®, Yakult Ltd,
Melbourne, Vic, Australia) resulted in a shift of first breath hydro-
gen rise >90min in 9/15 IBS patients with ERBHAL, indicating
normalization of ERBHAL. There was also a tendency for gastro-
intestinal symptoms to improve with ERBHAL normalization.
These preliminary findings indicate that this probiotic strain may
have effects on small intestinal microbiota.12 Therefore, the notion
that the ERBHAL criteria might be a predictor of response to
probiotics was entertained in the current follow-up study, with
the aims of further addressing hypotheses that treatment with
FMPP ameliorates ERBHAL in a proportion of IBS patients
with associated symptomatic improvement. To achieve these
aims, a randomized, placebo-controlled trial of FMPP therapy
in patients with IBS and ERBHAL was performed.

Materials and methods
Patients with IBS and demonstrating the presence of ERBHAL on a
lactulose breath test were recruited from breath-testing clinics in
Melbourne, Australia. ERBHAL was defined as a rise in breath hy-
drogen concentrations of ≥10 ppm above baseline on two consecu-
tive sample sand occurring <90min after lactulose ingestion.13

They were included if they were aged 16years or over, followed a
stable diet for the 4weeks prior to enrolment, and were able to main-
tain pre-existing drug therapy. Exclusion criteria included treatment
for greater than 2weeks with any probiotic within the previous
2months, antibiotic therapy in the previous month, excessive alco-
hol intake, and clinically significant comorbidity. Eligible patients
were diagnosed with IBS according to the Rome III criteria and
had a medical history, physical examination, and symptom assess-
ment by a gastroenterologist to exclude possible gastrointestinal dis-
ease. All patients gave written informed consent prior to entering the
study. The study was approved by the Eastern Health Research and
Ethics Committee and is registered with the Australia and New
Zealand Clinical Trials Register Number ACTRN12610000350022.

Study protocol. The study involved a 2-week run-in phase
and a 6-week double-blinded phase (week 0–6) where participants
were randomized 1:1 using a computer-generated random table in
blocks of four to receive either 65mL/day of FMPP or placebo, an
open-label phase (week 7–12) where all participants received
65mL/day of FMPP, and ending with a withdrawal phase (no
intervention, week 13–18) (Fig. 1). The open-labeled phase was
included to test whether prolonged intake of FMPP resulted in
further changes in either breath hydrogen or gastrointestinal
response in the intervention group.
Breath hydrogen results that led to the patients’ recruitment

were used as the index result. The duration between the index
and baseline (week 0) test averaged 5.2 (range: 0.9–15.9) weeks.

A gastric emptying test was performed within a few days prior
to starting treatment. The lactulose breath/gastric-emptying test
was repeated at week 6, 12, and 18 at which time the patient
was also assessed by a gastroenterologist regarding symptoms,
adherence, and adverse events. Gastrointestinal symptoms were
recorded weekly in diaries supplied throughout each phase of
the study. Adherence to therapy was assessed every fortnight
by counting the return of all used and unused treatment bottles.
Compliance was considered good when at least 90% of the
bottles had been consumed. All participants receiving at least
one bottle of FMPP or placebo were specifically asked by the
study doctor regarding new events or medications taken in the
preceding 2weeks. These events were then classified as mild,
moderate, or severe according to standard criteria.

Study product. Probiotic and placebo products for this study
were supplied by Yakult Australia Pty Ltd. Each bottle of FMPP
contained 6.5 × 109 cfu of L. casei strain Shirota, skim milk pow-
der, sucrose, and dextrose. The placebo was formulated as a
non-fermented milk drink containing no probiotic but had similar
packaging, volume, and flavor to the FMPP. Both treatment prod-
ucts had low lactose content (1 g/65mL). All study treatments
were used within 14 days of manufacture.

Combined lactulose breath hydrogen and
gastric-emptying test. The methodology for the lactulose
breath test followed that reported previously by Barrett et al..13

Gastric emptying of lactulose was also measured simultaneously
according to a [13C] acetate breath test protocol previously de-
scribed by Braden et al..14 After a 24-h period of consuming a
diet low in fiber and poorly absorbed short-chain carbohydrates,
followed by an overnight fast, participants had breath samples
collected at baseline and at 15-min intervals for 240min. Sub-
jects then consumed 15 g lactulose, which was mixed with
100mg of a stable, non-radioactive isotope [13C] sodium acetate
tracer and made up to a 100-mL solution. Subjects remained
fasting throughout the test and refrained from smoking and stren-
uous exercise to minimize confounding influences on breath re-
sponses. Breath hydrogen concentrations were analyzed using
gas chromatography (Quintron Instrument Co., Milwaukee, WI,
USA). Breath excretion of 13CO2 was used to calculate half-

Figure 1 Study protocol. BHT(L), breath hydrogen test with lactulose;
GES , gastric-emptying study; BHT(F), breath hydrogen test with fruc-
tose; compliance, bottle count. FMPP, fermented milk product contain-
ing probiotic.
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emptying times (t½) using an infrared isotope analyzer (IRIS soft-
ware, Wagner Analysen Technik GmbH, Germany). The time of
first breath hydrogen rise after lactulose ingestion (TL1st) was
taken when hydrogen concentration first exceeded ≥10 ppm
baseline and was used as a measure of oro-caecal transit time.
At any stage of the study, patients who no longer produced
adequate hydrogen concentrations (≥10 ppm above baseline on
at least two consecutive time points) were considered to have
lost evidence of ERBHAL.

Gastrointestinal symptoms. Severity of gastrointestinal
symptoms was rated on a validated 100-mm visual analog scale
(VAS) for both overall and specific symptoms15—abdominal
pain/discomfort, bloating, dissatisfaction with stool consistency,
and passage of wind, as previously applied.16,17

End-points. The primary end-point was the proportion of
patients who no longer fulfilled the criteria for ERBHAL at
week 6.
Secondary end-points include the proportion of patients without

ERBHAL at weeks 12 and 18, gastrointestinal symptom response,
changes in time of first hydrogen rise after lactulose and gastric-
emptying rate following the double-blind intervention, open-label
therapy, and withdrawal phase. Relationships between changes in
symptoms were analyzed in relation to changes with the presence
of ERBHAL.

Statistical evaluation. According to the pilot study,13

normalization of the time of first rise occurs in 60% of patients
receiving a daily dose of FMPP. Hence, initial power calcula-
tions based on the primary end-point indicates that a sample size
of 36 patients was required for each treatment group to achieve
a power of 80% and at a P-value of 0.05. These calculations
also take into account the assumption that 25% patients receiv-
ing placebo would also normalize ERBHAL. To allow for
drop-outs, it was planned that 88 patients be recruited, approxi-
mately 44 in each group. Due to difficulties in recruitment, an
interim analysis was conducted when 50% of sample size was
achieved without breaking the blind. Based on the interim anal-
ysis, the number of patients needed to reach sufficient power
and statistical significance was very high, and hence, recruitment
was ceased.
Data were analyzed as intention-to-treat for all indices consid-

ering all patients who entered the double-blind and open-label
study phases (Fig. 2). For missing data, the last value obtained
was carried forward. Thus, 56 patients who received at least
on bottle of FMPP or placebo were included in the double-blind
analysis. For the open-label and withdrawal phases, the results
from the 45 entering the open-label phase were analyzed. The
Pearson chi-squared test (χ2) and Fisher’s exact test were used
where appropriate for categorical data. Comparisons between
treatment groups or other subgroups for continuous data were
computed using unpaired t-tests or Mann–Whitney for non-
parametric data. Paired data were analyzed using paired t-test
for normally distributed data and Wilcoxon matched-pairs test
for non-parametric data. A P-value ≤ 0.05 was considered statis-
tically significant, except where adjustment was made to the

critical P-value to account for multiple comparisons using
Bonferroni’s correction. Data were analyzed using IBM SPSS

version 20 (SPSS Inc. Chicago, IL, USA).

Results

Patients. Figure 2 shows patient flow through the study.
Baseline demographics and clinical features of subjects in each
treatment group are shown in Table 1. The two groups were
well matched except that the group receiving placebo reported
greater bloating (P = 0.04; Mann–Whitney) and flatulence
scores (P = 0.01) at baseline compared to the FMPP group.
Forty patients completed the open-label phase and 35 the with-
drawal phase.

Adherence to treatment. Majority of patients in the
FMPP (91%) and placebo groups (82%) had good compliance
over the double-blinded phase, as did 88% of all patients
following open-label treatment. Poor compliance with FMPP
was noted in one patient (<60% bottles consumed) during the
open-label period, but her data were included in the intention-
to-treat analysis.

Association of breath hydrogen responses to
lactulose with treatment. All 56 patients with IBS had
ERBHAL on entry to the study. A similar proportion of
patients (Table 2) had ERBHAL at the end of 6week’s therapy
of FMPP or placebo (P = 0.59, Fisher’s exact). Similarly, no
significant changes in patterns of ERBHAL response were
observed during the open-label FMPP therapy or following its
withdrawal.
Quantitative analyses of breath hydrogen responses were also

performed. While all patients produced adequate hydrogen at
entry to the study, five patients (three FMPPs and three place-
bos) did not meet the criteria with repeated testing after the
double-blind phase and 10 after the open-label phase. The time
of first rise of breath hydrogen after lactulose was similar
between all phases except for the significant increase in time
between week 2 (median interquartile range [IQR]: 60 [40–60]
min) and week 6 (75 [45–90] min; P= 0.003, Wilcoxon
matched-pairs) in patients receiving placebo (Fig. 3). The dura-
tion between initial and repeated breath testing at week 6 was
not associated with changes in time of first rise in the whole
group (P= 0.98).

Association of gastric emptying with treatment.
At the end of the week 6, the mean ±SE increase in transit times
measured by gastric half-emptying times (t½) was similar for patients
receiving FMPP (77.2±2.7min) and placebo (75.3±2.3 min; P=0.72,
unpaired t-test), representing a change in t½ of 1.3±2.4min for those
receiving FMPP and 2.9±3.8min for the placebo group. No signifi-
cant difference in mean t½ was found during the open-label phase
for either those receiving 12weeks (76.2±3.2min; P=0.58, paired
t-test) or 6weeks of FMPP (80.5±4.3min; P=0.44).
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Gastrointestinal symptom response. Baseline symp-
toms of patients are shown in Table 1, while changes in VAS
scores for overall symptoms, abdominal pain, and bloating
between any intervention periods for both the probiotic and
placebo-treated patients are shown in Figure 4. During the
double-blinded period, no differences in VAS scores were seen
for overall abdominal symptoms (P= 0.18), abdominal pain
(P = 0.84), bloating (P= 0.41), flatulence (P= 0.87), or dissatis-
faction in stool (P = 0.63) between probiotic and placebo-treated
patients. No significant differences in symptoms score changes
were observed between treatment groups over the other interven-
tion phases.

Relationship between fermentation patterns and
gastrointestinal symptoms. Over the double-blinded
phase, no significant differences were found in VAS symptom
changes for overall or any of the individual symptoms between pa-
tients who lost ERBHAL compared with those with continuing
ERBHAL in either treatment groups (Table 3). Similarly, the pres-
ence of ERBHAL was also not associated with symptom changes
over the open-label phase.

Adverse events. No serious events were reported throughout
the study. The frequency of adverse events was similar between the

Figure 2 Flow-chart of patient recruitment and withdrawals. FMPP, fermented milk product containing probiotic.
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FMPP-treated (n= 10, 37%) and placebo-treated patients (n= 9,
32%) during the double-blind phase. These included urinary or up-
per respiratory infections, gastroenteritis, musculoskeletal pain, si-
nusitis, depression, and anxiety. None of these events were causally
related to the therapy. However, fewer adverse events were docu-
mented during the withdrawal phase (n= 3, 7%) compared with
the open-label phase (n= 12, 24%; P= 0.02) or the double-blind
phase (P< 0.001).

Discussion
The underlying premise of this study was to identify a subgroup
of patients with IBS who are more likely to respond

symptomatically to probiotic-containing fermented milk, using
intestinal fermentation patterns predicted by breath hydrogen.
The hypothesis was based upon the results of an exploratory
study that suggested patients with ERBHAL who normalized
breath hydrogen patterns with daily administration of the FMPP
might have greater symptomatic benefits.13 However, this
randomized, double-blind, placebo-controlled study with an
open-label extension arm failed to support this hypothesis.
Two major reasons were identified. First, large variances and
poor consistency in breath hydrogen responses over time were
noted, not only in the timing of the first rise after lactulose
but also in the magnitude of the hydrogen response. Only
approximately half of the patients had reproducible breath test

Table 1 Patient demographics and clinical characteristics at baseline

Characteristics FMPP (n = 28) Placebo (n= 28) P-value

Female 75% 82% ns
Mean age (range) in years 41 (19–65) 31 (19–68) ns
IBS subtypes – – ns

IBS-C† 7 (25%) 10 (36%) –

IBS-D‡ 9 (32%) 8 (29%) –

IBS-M§ 8 (29%) 7 (25%) –

IBS-U¶ 4 (14%) 3 (11%) –

Proportion with fructose malabsorption 19/24 (79%) 21/26 (75%) ns
Symptoms from visual analogue scales in mm – – –

Overall symptoms 48 [32–60]†† 58 [38–69] ns
Abdominal pain 47 [33–54] 54 [35–66] ns
Bloating 45 [20–58] 59 [32–69] 0.02*

Flatulence 49 [26–61] 62 [50–67] 0.02*

Satisfaction with stool consistency 50 [35–64] 51 [31–72] ns
Tiredness 47 [12–60] 51 [9–70] ns
Nausea 6 [1–22] 7 [1–26] ns

Time of first rise of breath hydrogen after lactulose (TL1st) in min 60 [40–60]†† 60 [45–90] ns
Gastric-emptying half-life (t½) in min 75.9 ± 2.0‡‡ 73.1 ± 3.6 ns

†Constipation-predominant IBS.
‡Diarrhea-predominant IBS.
§IBS with mixed bowel habits.
¶Unsubtyped-IBS.
††Median (interquartile range).
‡‡Mean ± SEM.
FMPP, fermented milk product containing probiotic; IBS, irritable bowel syndrome. ns, not significant

Table 2 Changes in the presence or absence of an early rise of breath hydrogen after lactulose (ERBHAL) following treatment with fermented milk
product containing probiotic (FMPP) or placebo, open-label, and withdrawal of FMPP therapy

Double-blind phase (week 0–6) Open-label FMPP (week 7–12) Withdrawal period (week 13–18)

Initial randomization FMPP
(n = 28)

Placebo
(n = 28)

FMPP
(n= 24)

Placebo
(n = 21)

All patients z(n= 45)
Pattern of breath hydrogen response
Loss of ERBHAL, n (%) 12 (43) 15 (54) 8 (33) 7 (33) 10 (22)
Loss of ERBHAL maintained from
previous treatment, n (%)

na na 6 (25) 8 (38) 23 (52)

Presence of continuing ERBHAL, n (%) 16 (57) 13 (46) 8 (33) 4 (19) 6 (13)
Presence of ERBHAL regained, n (%) na na 2 (9) 2 (10) 6 (13)

na, not applicable.
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findings. Second, few signals for symptomatic improvement,
either overall or subgroups, were associated with FMPP in this
cohort of patients with IBS who had rapid transit and/or SIBO.
The primary end-point of the study specifically targeted the

shift in the first rise of breath hydrogen after lactulose ingestion,
a criterion previously used as a physiological marker of SIBO as
well as oro-caecal transit.18 Factors that may alter the time of first
hydrogen rise are the rapidity of gastric emptying, small intestinal
transit time, and potentially the presence of excessive bacteria in
the small intestine. In our study, breath 13CO2 measurements
show that lactulose emptied from the stomach across a relatively
narrow range of times. Thus, changes in gastric emptying are
unlikely to represent a major factor. Unfortunately, there is no
gold standard for detecting SIBO, apart from a positive glucose
breath hydrogen test and culture of duodenal aspirate involving
the proximal small intestine.9,10 The hypothesized presence of
SIBO underlying IBS symptoms is, therefore, uncertain.
Excessive bacteria in the proximal small intestine are more likely
associated with anatomical abnormalities (e.g. jejuna diverticula)
or pathologically slow motility (e.g. in scleroderma)19 rather than
IBS. In a more recent study (published after the current study was
conceived),11 the mapping of radionuclide transit in parallel to
the breath hydrogen responses to a simultaneously ingested dose
of lactulose demonstrated that the presence of ERBHAL repre-
sented transit as opposed to SIBO in all of the patients examined.
Thus, what physiological state ERBHAL actually represents
cannot be ascertained.
Substantive concerns were raised in the present study regard-

ing variations in breath responses for ERBHAL for identifying
patients with SIBO. Despite controlling for antibiotic intake,
two of five patients with ERBHAL lost this criterion despite
receiving placebo. Conversely, two studies that examined the
reproducibility of such a criterion after lactulose ingestion found
reasonable intra-individual consistency between initial and re-
test, with both tests being 48 h to 1week apart.20,21 Hence, a
possible explanation for the variance in the current study may
be alterations in small intestinal transit,11 presumably related to
anxiety and other factors. It would not be anticipated that SIBO

resolved following ingestion of placebo. Additionally, the dura-
tion between the initial and re-test may have some bearing on
the breath response variations. However, time was not a
predicting factor of shifts in the time of first hydrogen rise in
the placebo group. In the pilot study with FMPP13, the delay
of first hydrogen rise observed may have been related to less
anxiety associated with repeating the lactulose breath test, con-
sequently a slower small intestinal transit. In the current study,
the time to the first hydrogen rise after lactulose was shorter
in the FMPP-treated patients compared with placebo, but, the ef-
fect size was small, and it was not reproduced in the open-label
arm. The implication of this unpredictable time of first hydrogen
rise within an individual is that a single breath measurement
would have poor predictive value in defining intestinal
physiology in that individual. More importantly, it also implies
that the effect of probiotic on a breath test outcome is likely
to be negligible and suggests, therefore, that the recent intake
of probiotics may not need to be an exclusion for breath hydro-
gen testing.
Most importantly, the double-blind phase of the study gave no

hint of efficacy for FMPP at the dose used in reducing func-
tional gut symptoms in this subgroup of IBS patients, although
the study was not powered to definitively address this outcome.
Unfortunately, randomization was limited in its success because
the placebo group had significantly greater bloating and flatu-
lence at baseline. In contrast, the pilot study saw a 30% reduc-
tion in flatulence after 6weeks of open-label FMPP therapy.22 It
is not known if L. casei Shirota strain has efficacy in unselected
IBS patients.
The increment in symptoms was similar whether ERBHAL was

present or absent at the completion of sixweeks’ therapy, whether
placebo or FMPP was used. Likewise, therapeutic effects of FMPP
in the open-label phase were not related to the ERBHAL status.
Thus, neither the presence nor the correction of ERBHAL can be
used to predict response to FMPP, nor can ERBHAL be suggested
as a contributing factor to IBS symptoms. Only one other clinical
trial of probiotics has been conducted in patients with functional
symptoms suggestive of SIBO, but the effects on symptoms were

Figure 3 Differences in median time to the first rise of breath hydrogen between weeks 2, 6, 12, and 18 in patients receiving either fermented milk
product containing probiotic (FMPP) or placebo. Only patients with adequate breath hydrogen production were included in the graph, and patient num-
bers are shown in bracket for each time point. *Significant differences (P ≤ 0.05) between weeks 2 and 6 for placebo when analyzed using Wilcoxon-
matched pairs test. FMPP Placebo No treatment.
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not reported in the high proportion of patients normalizing their
breath test.23

First, potential factors that might have contributed to the lack of
specific symptomatic response to FMPP in this IBS cohort include
adherence to treatment and the dose used. Overall, good adherence
to the treatment was demonstrated. Second, a single and relatively
low dose of FMPP was used based on initial evidence from the pi-
lot study, and the small intestinal microbiota was targeted.13 It may
be that a higher dose is needed to influence IBS symptoms. How-
ever, other strains of L. casei GG and Lactobacillus rhamnosus
LCR35 had no clear efficacy where higher doses were used.24,25

In conclusion, the results of the present study do not replicate
findings from our initial proof-of-concept study of the benefit of

L. casei strain Shirota therapy for SIBO and associated functional
gut symptoms. However, there were two important findings. First,
patterns of breath hydrogen responses to lactulose were unexpect-
edly unstable with great variation between testing. This has impli-
cations for the interpretation of breath hydrogen tests performed at
any one-time point in routine clinical practice. Their results may
not accurately represent gastrointestinal physiology in the patient.
Second, the subgroup of IBS patients who demonstrated ERBHAL
on breath hydrogen testing experienced no symptomatic benefit
with FMPP therapy at the dose used. Thus, no evidence has been
found to support the use of breath hydrogen responses after
lactulose to better target which patients with IBS will respond
clinically to probiotics.

Figure 4 Changes in visual analog scale (VAS) symptom scores from baseline (week 0) in patients receiving either 6a or 12b weeks of fermented milk
product containing probiotic (FMPP) followed by a withdrawal period. Median (interquartile range) values are graphed. Within group results between
time points compared using Wilcoxon-signed ranks test. FMPP Placebo No treatment.
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