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ABSTRACT
Lactose breath test (LBT) is considered the gold
standard for the diagnosis of lactose malabsorption.
The test is considered positive for a peak of hydrogen
(H2) ≥ 20 parts per million (ppm) above the baseline.
Some patients (pts) showed a rapid peak between 30
and 90 minutes after lactose ingestion. The aim of this
study was to evaluate the predictive value of an early
peak during a LBT and an accelerated oro-cecal
transit time (OCTT). We retrospectively analyzed all
pts who referred to our Gastroenterology unit for
Irritable Bowel Syndrome, from January to September 2012, who performed LBT, glucose and lactulose
breath test. We consider a positive LBT for a peak of
H2 > 20 ppm, a positive GHBT for a peak >12 ppm
and we considered a normal OCCT a peak of H2 ≥ 10
ppm between 75 ± 105 min after lactulose load. The
correlation between LBT and OCTT was evaluated
by Pearson score. 93 pts (65 F/28 M mean age 47 ± 6
years) with a positive LBT, without small intestinal
bacterial overgrowth were analyzed: 46 pts (32 F/14
M; mean age 48 ± 6 years) with an early peak (<90
min) of H2 (≥20 ppm) were enrolled as case, and 47
pts matched for sex and age with a peak of H2 after
90 min were enrolled as controls. 72% (33/46) of the
group with an early peak showed an accelerated, 17%
(8/46) a normal and 11% (5/46) a delayed OCTT.
Meanwhile, in control group 40.4% (19/47) showed a
normal, 57.5% (27/47) a delayed and just 1 pts an
accelerated OCTT. The specificity and sensibility of
LBT for an accelerated OCTT were 97.9% and 71.7%
respectively. The positive predictive value of LBT for
an accelerated OCTT is 97.1%; the negative predictive value is 78%. There is a significant correlation
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between LBT and OCTT (p < 0.05). The presence of
an early peak of H2 between 30 and 90 min after the
ingestion of 25 gr of lactose could predict the presence
of an accelerated OCTT in 97% of pts. If confirmed
by further study, in this subset of pts, lactulose breath
test for evaluating OCTT could be avoided.
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1. INTRODUCTION
Lactose malabsorption is a very common condition in
which lactase, the enzyme of the brush border membrane
of enterocytes that hydrolyzes lactose into galactose and
glucose, is deficient [1]. Approximately 1/3 of patients
with hypolactasia complain gastrointestinal symptoms
such as abdominal pain, flatulence and diarrhea, configuring the framework of lactose intolerance. Lactose intolerance is present in up to 15% of people of Northern
European descent, up to 80% of Black Latinos, and up to
100% of American Indians and Asians [2].
The lactose breath test (LBT) is the most common test
used in clinical practice for the diagnosis of lactose
malabsorption; it is a very simple, low-cost and useful
test with a good specificity (89% - 100%) and sensitivity
(69% - 100%) [3,4]. The LBT is commonly performed
with an oral lactose load of 25 gr after measuring a baseline breath sample. Every 30 minutes after the ingestion
of carbohydrate for four hours, breath samples are taken
and analyzed for the presence of hydrogen and/or methane in parts per million (ppm) via gas-chromatograph.
The absolute rise in hydrogen varies, but the test is considered abnormal if hydrogen rises more than 20 ppm
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above baseline [5].
The breath test is based on the assumption that if all
the lactose is absorbed in the small intestine, there should
be no spill over of lactose into the colon [6]. In lactasedeficient subjects, the colonic flora metabolizes lactose
into hydrogen and short-chain fatty acids. The hydrogen
can traverse the intestinal mucosa and be absorbed into
the systemic circulation, and then excreted troughs the
lungs [3,4,7,8].
The peak of hydrogen after administration of lactose
varies over time, and depends largely on gastric emptying and oro-cecal transit time (OCTT); usually there is an
increase higher than 20 ppm after 120 minutes.
The OCTT can be determined through various methods: scintigraphic, radiological, with the use of isotopically labelled 13C breath test or through the determination
of hydrogen exhaled [9].
The scintigraphic method with chromium ethylenediamine tetraacetic acid (EDTA) is considered the gold
standard even though it may be done in a few specialized
centres with the departments of nuclear medicine. The
evaluation of the intestinal transit time through the oral
administration of radiopaque markers is a simple method
but requires time and is poorly available in the centres of
radiology [10].
The breath test using 13C-lactose-ureide is a valid alternative to scintigraphic techniques for measuring
OCTT. In particular, breath samples were obtained every
10 - 15 min for 10 h and measured by isotope ratio mass
spectrometry [11].
Glucose breath test (GHBT) is commonly used for the
diagnosis of small intestinal bacterial overgrowth (SIBO)
[12]. Lactulose hydrogen breath test (LHBT) is widely
used as a non-invasive test for the detection of OCTT.
The main criticism of this test is that the exact location of
the intestinal segment, where the substrate is metabolized,
is unclear. OCTT is defined as the time elapsing between
lactulose ingestion and a sustained increase in H2 excretion of >10 ppm above the baseline value, which is about
90 ± 15 min in normal subjects. Therefore, OCTT is
calculated on the basis of the colic peak of H2 excretion
[13].
The aim of this study was to evaluate the predictive
value of an early peak during a LBT and an accelerated
OCTT.

2. METHODS
We retrospectively analyzed all patients (pts) who referred to our Gastroenterology Unit, from January to
September 2012, for irritable bowel syndrome (IBS) who
were submitted to LBT, GHBT and LHBT.
The diagnosis of IBS was performed according to
Rome III criteria.
93 pts (65F/28M; mean age 47 ± 6 yrs) with a positive
Copyright © 2014 SciRes.
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LBT, without SIBO were analyzed: 46 pts (32F/14M;
mean age 48 ± 6 yrs) with an early peak (before 90 min)
of H2 (≥20 ppm) were used as case, 47 pts matched for
sex and age with a peak of H2 (≥20 ppm) after 90 min
were used as controls.

2.1. Lactose Breath Test (LBT)
To minimize the basal hydrogen excretion, patients were
asked to have a carbohydrate-restricted dinner on the day
before the test and to be fasting for at least 12 h on the
testing day. Before starting the test, patients did a mouth
wash with 20 ml of chlorhexidine 0.05%. Smoking and
physical exercise were not allowed for 30 min before and
during the test. End-alveolar breath samples were collected immediately before lactose ingestion. Then a dose
of 25 g of lactose was administered and breath samples
were taken every 30 min for 4 h using a two-pack system.
The two bags system includes a mouthpiece, a T valve
and two bags, the first collects dead-space exhaled air,
the latter takes alveolar air. The air samples were aspirated from the latter bag with a 30 ml plastic syringe and
immediately analyzed using a model Quintron Gas
Chromatograph (Breath Traker Quintron Instrument
Company, Milwaukee, WI, USA). Results were expressed as parts per million (ppm).
LBT was considered positive for lactose malabsorption when an increase in H2 value more than 20 ppm over
the baseline value was registered [13].

2.2. Glucose Breath Test (GHBT)
The procedures for preparing the test are the same as for
the LBT.
After providing a baseline breath sample, subjects ingested 50 g of glucose in 200 ml water. Breath samples
were taken every 15 minutes for 2 hours.
The method of collection of breath and the dosage was
the same used for the lactose breath test.
The criteria for a positive SIBO was represented by a
rise in H2 > 12 ppm [13].

2.3. Lactulose Breath Test (LHBT)
The procedures for preparing the test are the same as for
the LBT.
After providing a baseline breath sample, subjects ingested 10 g of lactulose in 200 ml water. Breath samples
were taken every 15 minutes for 4 hours.
The method of collection of breath and the dosage was
the same used for the lactose breath test.
We considered a normal OCTT a peak of hydrogen
≥10 ppm between 75 ± 105 min after lactulose load [13].

2.4. Gastrointestinal Symptoms
76 out of 93 pts (80% of overall pts) were lactose intolOPEN ACCESS
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erant. As regards bowel habits, 93% of our cases present
an IBS-Diarrhea; meanwhile 73% of control presents an
IBS-Constipation.

2.5. Statistical Analysis
The correlation between LBT and OCTT was evaluated
by Pearson score. P values <0.05 were considered to be
significant. Data concerning H2 excretion and clinical
score were expressed as means ± SD. All scatter plots
were carried out using Statistical Package for Social
Sciences (SPSS12.0) for Windows.

3. RESULTS
46 pts (32F/14M; mean age 48 ± 6 yrs) with early peak
of H2 (≥20 ppm) were enrolled as cases (group A), and
47 pts, matched for sex and age, with a peak of H2 (≥20
ppm) after 90 min were enrolled as controls (group B).
We excluded in all patients, the presence of SIBO
through the GHBT.
In the group A: 72% (33/46) showed an accelerated
(mean 52 ± 12.2), 17% (8/46) a normal (mean 84.6 ±
9.08) and 11% (5/46) a delayed (mean 227.4 ± 25.8)
OCTT. Meanwhile, in group B: 40.4% (19/47) showed a
normal (mean 93 ± 12), 57.5% (27/47) a delayed (mean
177 ± 35.1) and just 1 pts (2.1%) an accelerated OCTT
(Table 1; Figure 1).
The specificity and sensitivity of LBT for determining
an accelerated OCTT was 97.9% and 71.7% respectively.
The positive predictive value of LBT of determining
an accelerated OCCT is 97.1%; the negative predictive
value is 78%. There is a significant correlation between
LBT and OCTT (p < 0.05).

4. CONCLUSIONS
Our study showed for the first time a correlation between
an early peak of hydrogen on lactose breath test and an
accelerated OCTT.
In fact, the presence of an early peak of hydrogen
within 90 minutes after ingestion of 25 grams of lactose
has a positive predictive value of an accelerated OCTT
of 97%.
Table 1. Demographic characteristics of analyzed pts.
Group A (46)

Group B (47)

Sex F/M

32/14

33/14

Mean age yrs

48 ± 6

45 ± 9

Accelerated OCTT n (%)

33 (72)

1 (2)

Normal OCTT n (%)

8 (17)

19 (40)

Delayed OCTT n (%)

5 (11)

27 (58)
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Figure 1. Correlation between H2
peak and OCTT.

In a Gastroenterology Unit many patients with IBS
came with the prescription of many tests such as lactose,
lactulose and glucose breath tests to better define their
pathology. The possibility of having information on lactose malabsorption and OCTT with the execution of a
single test should be able, if confirmed, to reduce waiting
times and costs for the National Health System.
Many studies [4] in literature had evaluated the correlation between OCTT and gastric emptying with the development of lactose intolerance symptoms during a
breath test [14,15]. It is well known, in fact, that gastric
emptying rate and intestinal transit time alters the time in
which lactose is exposed to intestinal lactase.
In particular an interesting paper, who evaluated the
relationship between lactose digestion, gastrointestinal
transit time and symptoms in lactose malabsorbers after
dairy consumption, reveals a strong inverse correlation
between gastrointestinal symptoms displayed and OCTT.
The authors suggest that when intestinal transit time increases, lactose digestion and tolerance symptoms improve [15].
Other studies confirm a direct link between motility
and symptoms; in fact, the slowing down of OCTT was
associated with less severe symptoms of lactose intolerance [16,17].
Glucose breath test is a simple test commonly used for
the non invasive diagnosis of SIBO.
We excluded, in our study, pts with a diagnosis of
SIBO because it is well described in the literature [18]
that during bacterial overgrowth, subjects may have lactose intolerance not by enzyme deficiency but to premature exposure of lactose to bacteria in the small bowel
before there is time for a correct absorption [19-22]. This
was further validated by Nucera et al., who demonstrated
OPEN ACCESS
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in 98 subjects with IBS that small intestinal bacterial
overgrowth eradication, as confirmed by negative lactulose breath test, caused a significant reduction in lactose
breath test positivity [23].
We have therefore deliberately excluded this confounder.
A recent study showed some interesting correlations
between the results obtained during the lactulose and
lactose or fructose breath test.
They showed that the peak and magnitude of hydrogen
after lactulose load significantly correlated with the peak
response both to fructose and lactose ingestion, moreover
the time of the first rise during lactulose breath test,
might also give insight into transit time. In clinical practice, this can affect the duration of the subsequent breath
tests, especially in patients with a late rise (later than 120
min) in which the sugar tests must be prolonged [13].
Our data also confirm a close correlation between the
time of the peak of hydrogen after the administration of
lactose and the peak after administration of lactulose.
One of the most important limitation of our study is
that it’s a single centre and retrospective study. Surely
these data need further studies carried out on a larger
number of patients and confirmed with the aid of further
specific tests for the determination of the oro-cecal transit time.
In conclusion, our study addressed important issues in
the interpretation of lactose breath test, which have attracted a resurgence of interest in fact an early peak of
hydrogen >20 ppm within 90 minutes after lactose ingestion correlate significantly with an accelerated OCTT.
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