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Unreliability of Breath Methane as a Candidate Indicator of

Functional Bowel Disorders
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Background/Aims: The aim of this study was to ex-
amine the reproducibility of methane and hydrogen in
exhaled air breath after a per-oral load of lactulose.
Methods: Methane was present in the exhaled breath
of 21 of 50 healthy subjects recruited by advertise-
ment. Three methane breath tests were performed in
12 women (aged 23.6+0.5 years, meantSEM) after
they consumed 10 g of lactulose dissolved in 300 ml
of water. Short- and medium-term reproducibilities
were assessed by paired examinations taken 3 and
17 days (median) apart, respectively. Results: High
values of coefficients of variation for paired examina-
tions (CV,) indicated a poor short-term reproducibility
of parameters characterizing either the methane or hy-
drogen excretion in breath air: CV, values of the
maximum net increments over baseline in methane
(max CHsnet), and in hydrogen (max Ha net), were
34% and 41%, respectively. Moreover, the reproduci-
bility consistently deteriorated with increasing time gap
between repeat measurements (CV,: 60% for max
CHs net and 64% for max Hz net). Conclusions: The
low reproducibility of parameters characterizing quanti-
tative methane breath excretion suggests that caution
is necessary when judging the clinical usefulness of
the methane breath test after a per-oral lactulose load
for the purpose of diagnosing and classifying func-
tional bowel disorders. (Gut and Liver 2008;2:180-
185)
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INTRODUCTION

Measurement of hydrogen concentrations in breath air
is a basis for a battery of breath tests currently applied in
gastroenterology for the diagnosis of small intestinal bac-
terial overgrowth or malabsorption of different carbohy-
drates on the one hand, and the measurement of the or-
ocaecal transit time on the other."” Addition of the deter-
mination of methane content in the expiratory air may
contribute to increase the diagnostic yield in the case of
the former group of applications of those breath test."”*

A very promising appears to be a recent finding that a
subpopulation of irritable bowel syndrome (IBS) patients
with predominant constipation may be detected on the
basis of an increment in methane within the breath air
after a per oral lactulose load.”” Thus that breath test
gained a rank of a decision-influencing diagnostic measure
because a positive result thereof in an IBS patient would
encourage a clinician to undertake a course of an anti-
microbial therapy.>” More recently a quantitative result of
a methane breath test, expressed in terms of an area un-
der a curve of methane concentration in expiratory air af-
ter per-oral lactulose load, was advocated a measure of
the degree of constipation in IBS patients.®

What may, however, cast some doubt as to the above
reasoning is a potential instability of methane elimination
with breath air, as previously was signalized by Minocha
and Rashid.’ Also, in our Laboratory of Breath Tests, we
observed a noticeable inconsistency of a methane-produc-
ing status in a number of subjects. Therefore, we decided
to undertake a prospective study aiming at the examina-
tion of the reproducibility of quantitative parameters
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characterizing methane breath air elimination in the
course of a breath test involving a per oral lactulose load.

MATERIALS AND METHODS

In response to an advertisement made public at the
University, fifty subjects volunteered to participate in the
study. At an initial screening with a dedicated gas chro-
matograph, 21 of them were found to have a fasted
breath concentration of methane =1 ppm. After having
been made familiar with the aim, protocol and method-
ology of the study twelve methane-producing females (age
23.6+0.5 [SE] years, body mass index 21.05+0.62 kg + m )
gave a written consent to participate. They declared them-
selves as being in full health according to the World
Health Organisation criteria.® Exclusion criteria com-
prised use of antibiotics and any other antimicrobial
agents currently, as well as within a period of three
months preceding the study, a history of an abdominal
surgery affecting the anatomical integrity of the digestive
tract, except for appendectomy and pregnancy.”® The re-
search project was conducted according to the Helsinki
Declaration and was approved by the Bioethics Commit-
tee of the Medical University of Silesia.

1. Study protocol

The research was performed on patients reporting to
the laboratory in the morning, after a 12-h overnight fast
and abstaining from cigarette smoking (this requirement
pertained to three female smokers). Moreover, they were
instructed to resign from dietary components which
might evoke a rise in basal breath H, and CHs concen-
trations as from the afternoon of the preceding day,
which included dishes made of white or red beans, green
peas, cabbage, or large amounts of complex carbohy-
> Every volunteer took part at three examination
sessions held on separate days. The time gap between
two sessions amounted to 3 days (median, range 2-3
days) for a short-term reproducibility (STR), whereas a
third session was accomplished at a median of 17 days

drates.

(range 16-21) apart (medium-term reproducibility, MTR);
the order of sessions for the STR/MTR or MTR/STR was
randomly assigned to the subjects. The volunteers did not
take any medication throughout the whole period of the
study involving participation in the three examination
sessions.

At the beginning the subjects were requested to per-
form a thorough 4-min cleaning of their teeth with the
use of an antibacterial tooth paste (Colgate Total,
Colgate-Palmolive, Poland). Then, after a 15-min rest in a
sitting position, necessary for stabilization of the metabo-
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lism, a basal probe of expiratory air was collected into an
aluminium covered plastic bag of about 1 1 capacity
(Fisher Analysen Instrumente GmbH, Leipzig, Germany);
the procedure of collecting the breath air was stand-
ardized: the subjects took in breath and held it for 20
seconds, then steadily blew the air through a mouthpiece
equipped with a valve into the bag until full, which was
tightly closed with a plastic stopper immediately at the
end of the exhalation. At the time point designated “0”
the subjects drank 285 still mineral water into which 15
ml of Normase syrup (Molteni Farmaceutici, Italy), con-
taining 10 g lactulose, was added. Next the volunteers
were asked to rinse theirs mouths with tap water. Probes
of breath air ware collected at 15-min intervals from 30
min and until 4 hour after time zero. The subjects re-
mained fasted during that period. They rested in a com-
fortably furnished room and were allowed to watch video
films.

2. Measurement of breath hydrogen and methane

The H, and CH4 concentrations in the expiratory breath
samples were measured on the day of their collection
with a dedicated chromatograph (Microlyzer Model DP,
QuinTron Instrument Co., Milwaukee, WI, USA) cali-
brated with a reference gas containing 49 ppm CH; and
99 ppm H; in air (Quingas-2, QuinTron Instrument Co.,
Milwaukee, WI, USA) according to the manufacturer’s
recommendations.

From the curves reflecting the H, and CHs concen-
trations in the breath air the following parameters were
derived:

* basal fasted hydrogen (Ha pas) and methane (CHj pas)

concentration,

* maximum net increment over baseline in hydrogen
(max Hj ner) and methane (max CHy pnet) after per oral
lactulose intake (Fig. 1),

« areas under the curves of net increments of hydrogen
(AUC H, pe) and methane (AUC CHjpne) concen-
trations (Fig. 1).

3. Statistical analysis

The data obtained were subjected to the Bland and
Altman statistic for calculation of the repeatability
coefficients.”> Moreover, coefficients of variation for
paired examinations (CV,) were computed."

RESULTS

From 36 examinations in 12 volunteers, the medians of
the basal concentration, the net increment over baseline,
the area under the curve of the net increment of the
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Fig. 1. Graphical explanation of the computation of parameters
used in the paper based on an example of a methane breath
concentration curve. The basal concentration is subtracted
from the original curve (open squares) at every time point to

breath hydrogen were 2 ppm (interquartile range, IQR:
2-7), 36 ppm (IQR: 26-48), and 3,424 ppm.min (IQR:
2,466-5,404), respectively. Whereas, the medians of the
basal concentration, the net increment over baseline, the
area under the curve of the net increment of the breath
methane were 15 ppm (interquartile range, IQR: 7-21),
19 ppm (IQR: 8-31), and 1,988 ppm.min (IQR:
752-3,619), respectively.

High values of coefficients of variation for paired exami-
nations, as well as the Bland and Altman repeatability co-
efficients disclosed a poor short- and medium-term of the
parameters characterizing either the hydrogen or methane
excretion in breath air after per oral lactulose load (Table
1, 2). Bland and Altman plots of differences between
pairs of the parameters considered against their means
clearly indicated that the unsatisfactory short-term re-
producibility of the hydrogen or methane elimination

produce a curve of the net increment over baseline (solid
squares), from which a maximum net increment over baseline
is determined (arrow); subsequently the area under the curve
of the net increments over baseline is computed according to 2, 3).
the trapezoidal rule (shaded area), with the occasional negative

values set to O.

with expiratory air consistently deteriorated with in-
creased time gap between the repeat measurements (Fig.

Table 1. Reproducibility of Breath Hydrogen Concentrations under the Fasted Condition and after a 10-g Per-oral (p.o.) Load of
Lactulose

H27b35 max HZinet AUC HZﬁne[
STR MTR STR MTR STR MTR
4 —0.8%x1.1 ppm —1.8%+2.2 ppm 12.0+6.1 ppm  21.7+8.4 ppm 1,026=587 ppm * min 2,024+818 ppm * min
CVp 62.4% 100.3% 41.0% 63.9% 38.5% 60.7%
RC 7.2 ppm 14.6 ppm 46.0 ppm 69.3 ppm 4,312 ppm * min 6,635 ppm * min

H2 bas, basal fasted hydrogen; max Ha2 net, maximum net increment over baseline in hydrogen after peroral lactulose intake; AUC
H2 net, area under the curve of the net increment of hydrogen; STR, short term reproducibility with a median time gap of 3 days
(range 1-3) between repeat sessions; MTR: medium term reproducibility with examinations separated by a median of 17 days
(range 16-21); 4, difference between repeat examinations (mean=SE); CVp, coefficient of variation for paired examinations; RC,
Bland and Altman repeatability coefficient.

Table 2. Reproducibility of Breath Methane Concentrations Under the Fasted Condition and after a 10-g Per-oral (p.o). Load of
Lactulose

CH47bas max CH47ne[ AUC CH{net
STR MTR STR MTR STR MTR
4 —3.6+x3.4 ppm —8.0%3.0 ppm  0.2%+3.2 ppm —9.9+5.8 ppm  70+444 ppm - min —1,125+646 ppm * min
CVp 55.9% 54.0% 33.6% 59.8% 41.9% 65.7%
RC 21.6 ppm 25.2 ppm 20.7 ppm 42.5 ppm 2,892 ppm * min 4,745 ppm * min

CHa bas, basal fasted methane; max CHa4 net, maximum net increment over baseline in methane after peroral lactulose intake; AUC
CHa net, area under the curve of the net increment of methane; STR, short term reproducibility with a median time gap of 3 days
(range 1-3) between repeat sessions; MIR, medium term reproducibility with examinations separated by a median of 17 days
(range 16-21); 4, difference between repeat examinations (mean=SE); CVp, coefficient of variation for paired examinations; RC,
Bland and Altman repeatability coefficient.
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Fig. 2. Bland and Altman statistics (plot of differences between pairs vs. their means) of the short-term (filled circles) and
medium-term (open circles) reproducibilities of parameters characterizing hydrogen breath excretion after a p.o. lactulose load.

Hz tes: basal fasted hydrogen; max Hazne: maximum net increment over baseline; AUC Hzre:: area under the curve of the net
increment of hydrogen; the respective borders of the 95% confidence intervals are plotted in each panel (cf. the legend in the

bottom panel).

DISCUSSION

When pursuing the recruitment of volunteers for our
study, there were 21 methane-producers out of 50 (42%)
screened healthy volunteers. This fraction is similar to
50% established by Peled et al.'* and to 45% found by
Minocha and Rashid.” In the female healthy subjects ex-
amined in the study of Peled et al., the average basal fast-
ed methane concentration amounted to 11+9 ppm which
is slightly less than in our twelve volunteers who had
15+12 ppm. Both the quoted research groups pointed out
to a great variability in fasted state breath methane con-
centrations on repeat measurements. Peled et al. had op-
portunity to re-test 23 methane-producers after elapse of
10-25 months, of whom two converted to a non-producer
status then.'* As a quantitative representation of reprodu-
cibility Minocha and Rashid calculated an average in-
ter-day coefficient of variation which amounted to 49.7+

9.9% and to 69.4%16.7% in the case of the hydrogen and
methane fasted state breath concentrations, respectively.’
Our data entirely corroborate those results.

The novelty brought about by the current study is the
evaluation of the reproducibility of the methane (and hy-
drogen) response in terms of breath air concentrations
observed after per oral load of lactulose. Both short- and
medium-term reproducibilities of the methane breath test
were poor. Factors that may affect the methane-producing
status of an individual can be antibiotic therapy and bow-
el rinsing for colonoscopy.'’ Obviously, those situations
did not pertain to our volunteers. Our group of volun-
teers was consisted of women only - a fact which was ac-
counted for by the predominance of female students at
the school of pharmacy where the recruitment took place.
This should not, however, be considered any drawback of
the study. On the contrary, if a methane breath test after
a lactulose load were to be accepted as a valid diagnostic
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Fig. 3. Bland and Altman statistics (plot of differences between pairs vs. their means) of the short-term (filled squares) and
medium-term (open squares) reproducibilities of parameters characterizing methane breath excretion after a p.o. lactulose load.

CHa.bas: basal fasted hydrogen; max CH4 ne: maximum net increment over baseline; AUC CH4 ne:: area under the curve of the net
increment of hydrogen; the respective borders of the 95% confidence intervals are plotted in each panel (cf. the legend in the

bottom panel).

tool among IBS patients, its reliability would have to be
scrutinized among the female population, which knowl-
edgeably constitutes the majority of IBS-afflicted subjects.
Nevertheless the gender of our volunteers may probably
account for the deteriorated medium-term compared to
the short-term reproducibility of the methane breath test.
All the subjects examined were young, regularly menstru-
ating women. We had assured that with a 2-3 days break
between the repeat examinations the short-term reprodu-
cibility examinations took place within the same phase of
their menstrual cycle. Whereas the 16- to 21-day time
gap between a pair of the medium-term examinations had
caused that the breath test was performed then during a
different phase of the menstrual cycle. Thus, somehow in
a natural way, the effect of gender upon the reproduci-
bility of the methane breath test after a lactulose load
was apparently disclosed.

The appearance of methane in the baseline probes of

exhaled breath taken before the lactulose load would in-
dicate that an on-going fermentation was already taking
place involving some pre-existing amount of fermentable
substrate. Accordingly, it would suggest that methano-
genesis was already generating this gas methane before
the administration of the set dose of lactulose. Levitt et
al. pointed out previously that a considerable amount of
ingested complex carbohydrates may escape assimilation
by the small intestine so that they are then available for
colonic fermentation."” Following the methodology out-
lined by Pimentel et al.,” we adopted a 12-h fasting period
before performance of the lactulose breath test, as well as
instructed the subjects to avoid dietary components which
might evoke a rise in basal breath H, and CH4 concen-
trations as from the afternoon of the preceding day.
Nevertheless neither in the Pimentel’s work,” nor in the
current study did the subjects avoid complex carbohy-
drates for a more prolonged, let’s say lasting several days,



period. Therefore the determined unsatisfactory reproduci-
bility of the methane breath test may be explained by the
fact that under the experimental conditions adopted, an
unknown amount of fermentable substrates may had been
already in place in the colon before the ingestion of the
fixed dose of 10 g lactulose on the three examination
days. Therefore in reality the methane excretion on any of
the repeated examination may have reflected the fermen-
tation of lactulose plus an unknown and variable amount
of fermentable complex carbohydrates residing in the
colon.”

From the result of this study, we suggest that cautious
interpretation is needed in judging a clinical usefulness of
a methane breath test after a per oral lactulose load for
the purpose of diagnosis and classification of functional
gastrointestinal disorders.
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