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Background: We compared the lactose hydrogen breath (lactose HBT) and lactose tolerance
tests (LTT) in their ability to diagnose lactose malabsorption (LM).
Methods: Fasting and post-lactose (50 g) breath hydrogen and blood sugar were tested in
patients with irritable bowel syndrome (IBS). Persistent rise in breath hydrogen by 20 ppm
and failure of blood sugar to rise by >20 mg/dL above basal level, were considered positive
lactose HBT and LTT, respectively. Symptoms of diarrhoea, bloating, abdominal pain and
flatulence were noted.
Results: Of 203 patients, 11 demonstrated high basal breath hydrogen and hence, 192 (age
37±14 years, 134 male) were included in the study. 125 (65%) and 137 (71%) were lactose
HBT and LTT positive, respectively. 102/125 lactose HBT positive patients were LTT positive
and 35/67 lactose HBT negative patients were LTT positive. 62/192 (32%) developed
symptoms following lactose ingestion, which tended to be more in the LTT positive (49/137,
36% vs. 13/55, 24% p=0.07) but not in the lactose HBT positive patients (44/125, 35% vs. 18/
67, 27% p=0.2). Peak breath hydrogen was higher (38±37 vs. 66±43; p<0.01) in LTT positive
than negative patients. Peak level of breath hydrogen inversely correlated (58±43 vs. 10±23;
p<0.001) with change in blood glucose following lactose ingestion.
Conclusions: Positive LTT is associated with a higher breath hydrogen score than negative
LTT. There was a trend towards more frequent symptom development following lactose load
in LTT positive but not in lactose HBT positive patients. LTT is an easy and efficient test for
diagnosis of LM.
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Introduction
Lactose malabsorption (LM) is a common problem in the adult
population all over the world in general, particularly in tropical
countries.1,2,3 There are several methods to evaluate LM like
lactose hydrogen breath test (lactose HBT), lactose tolerance
test (LTT), genetic test4 and estimation of lactase level in
intestinal biopsy. 5,6 Of these, the last two tests are either
invasive or technically demanding and are not widely available.
Hence, lactose HBT and LTT are commonly used to diagnose
LM. An abnormal LTT denotes failure of the blood glucose to
rise thirty minutes after ingestion of a 50 g lactose load, due to
lack of digestion of lactose by intestinal lactase to form glucose
and galactose. In contrast, abnormal lactose HBT is
associated with an increase in breath hydrogen by 20 ppm
above the basal level after ingestion of 50 g lactose due to
bacterial fermentation of unabsorbed lactose within the
intestinal lumen. While LTT is expected to be more specific for
LM, abnormal lactose HBT can also result from other causes
such as small intestinal bacterial overgrowth (SIBO). 7
Furthermore, though LTT requires estimation of blood glucose
once in the fasting state and once 30 minutes after ingestion
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of lactose, lactose HBT requires prolonged monitoring of
breath hydrogen; there are contradictory data on how long
breath hydrogen needs to be monitored.6,8,9,10 Data concerning
the concordance between LTT and lactose HBT in diagnosing
LM in the adult are scanty, contradictory and derived from a
small sample size.11,12
Symptoms of irritable bowel syndrome (IBS), a functional
gastrointestinal disorder include irregular bowel movement,
flatulence and abdominal fullness and abdominal pain and
discomfort; these symptoms can also result from LM13,14 and
are often associated with LM in India.3 A previous study showed
that patients with IBS more often experienced symptoms
following a lactose load compared to healthy subjects.3 This
might have been related to distension of the gut by hydrogen
gas produced on bacterial fermentation of malabsorbed
lactose.3 Peak level of breath hydrogen following 50 g lactose
load was comparable between patients of IBS and healthy
subjects in that study.3 However, the more the amount of
hydrogen production in response to a given dose of lactose;
greater would be the symptoms of flatulence and bloating. If
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our hypothesis that an abnormal LTT denotes more severe
LM is correct, then patients with abnormal LTT are expected to
have higher hydrogen production in response to a given dose
of lactose and hence more frequent symptoms of bloating
and flatulence.
Accordingly, we undertook a study with the following aims,
(a) to study the concordance between lactose HBT and LTT in
patients with IBS, (b) to study the level of breath hydrogen in
relation to positive LTT, (c) to study the relationship between
symptoms following lactose load and maximum level of breath
hydrogen.

Methods
Patients: Patients with IBS, diagnosed according to Rome II
criteria, referred to Gastrointestinal Pathophysiology and
Motility Laboratory of a tertiary referral centre for evaluation of
LM from December 2006 to March 2008, were included in the
study. Each patient underwent other diagnostic investigations
such as microscopic examination of the stools and testing for
occult blood and hemogram. The Institutional Ethics
Committee approved the study protocol and consent was
obtained from each patient.
Hydrogen breath tests: Lactose HBT and glucose hydrogen
breath test (GHBT) were performed using a breath gas
analyser (Lactoscreen® H 2 breath tester, Hoek Loos,
Amsterdam, Netherlands). Basal breath specimens were
obtained after an overnight fast; the subjects avoided slowly
absorbed carbohydrates (bread, potato, corn) and fibre the
previous evening to avoid delayed excretion of hydrogen in the
breath.15 Cigarette smoking and physical exercise were not
permitted for 2 hours before and during the test, to prevent
hyperventilation and consequent changes in breath hydrogen
content.16 Each subject was asked to brush her/his teeth, and
to rinse her/his mouth with an antiseptic wash followed by tap
water, to eliminate an early hydrogen peak due to action of oral
bacteria on test sugars.17 Patients were asked to hold their
breath for 15 seconds before blowing into the collection tube.
An average of four values was taken as the basal breath
hydrogen level. If the basal breath hydrogen value was >20
ppm on at least two days despite adequate preparation,
performance of breath test was considered to have failed and
the subject was excluded from the study. If the basal breath
hydrogen was not high , then the patient was asked to ingest
50 g of lactose dissolved in 200 mL water for lactose HBT and
100 g glucose in 200 mL water for GHBT. Thereafter, breath
hydrogen was estimated every 15 minutes for 3 to 4 hours. An
increase in hydrogen excretion (ppm) following lactose or
glucose administration was calculated by subtracting the basal
value from the highest value of hydrogen excretion obtained.
Persistent rise in breath hydrogen by 20 ppm above the basal
level (at least two consecutive readings) following lactose
ingestion and 12 ppm above the basal level following glucose
administration was considered positive for lactose HBT and
GHBT, respectively.3 Subjective increase of symptoms like
diarrhoea, bloating sensation, abdominal pain or flatulence
during the lactose HBT was also noted.
Each patient also underwent LTT; blood sugar was
estimated with a glucometer (One touch Sure Step, Life scan,
USA) using compatible glucostix, in the fasting state and 30
minutes after ingestion of lactose during lactose HBT by finger
prick. Failure of the blood sugar to rise by >20 mg/dL above
the fasting level 30 minutes after lactose ingestion was

diagnostic of abnormal LTT.3
Statistical analysis: Continuous and categorical variables
were compared using the unpaired t and Chi-squared tests,
respectively. Two groups of continuous variables were
correlated with Spearman correlation. A p value less than 0.05
was considered significant.

Results
Patients: Of the 203 patients screened, 192 (age: 37 ± 14
years, 134 male) were included in the study as the others
demonstrated increased basal breath hydrogen levels whilst
screening. All patients had symptoms of abdominal discomfort,
irregular bowel habit, feeling of incomplete evacuation and
the presence of mucus in stools. None of them had alarm
symptoms including weight loss. Stool occult blood was
negative in all patients.
Results of lactose hydrogen breath test and LTT: Of 203
patients, 11 (5.4%) had high basal breath hydrogen and hence
excluded from further investigations. One hundred ninety-two
patients were evaluated for LM using lactose HBT and LTT. Of
them, 125 (65%) and 137 (71%) were lactose HBT and LTT
positive, respectively. The frequency of positive lactose HBT
(88/134, 66% male vs. 37/58, 64% female) and LTT (95/134,
71% male vs. 42/58, 72% female) was comparable in male
and female patients. 62/192, 32% developed symptoms
following lactose load. There was a trend towards
development of symptoms following lactose ingestion in
patients who were LTT positive (49/137, 36% vs. 13/55, 24%
p=0.07) but not in those who were lactose HBT positive (44/
125, 35% vs. 18/67, 27% p=0.2).
Relationship between age and results of lactose hydrogen
breath test and LTT: The mean age of patients who were positive
for lactose HBT was comparable to those who were negative
(37±15 vs. 36±13, respectively). Similarly, patients with positive
response to LTT were also comparable in age to those with
negative test results (36±14 vs. 38±14 respectively).
Concordance between lactose hydrogen breath test and
LTT: Of 137 patients who were LTT positive, 102 (74%) were
lactose HBT positive. Of 55 patients who were LTT negative,
32 (58%) were lactose HBT negative. Proportion of agreement
was 0.53 (kappa 0.62).
Level of breath hydrogen in relation to result of LTT: Peak
level of hydrogen excreted in the breath was higher among
LTT positive patients than LTT negative. (Figure 1) The peak
level of hydrogen excreted in the breath inversely correlated
with the change in blood glucose level between fasting and
30 minutes after ingestion of 50 g lactose. (Figure 2)
Time to peak for lactose hydrogen breath test: Time to rise
in breath hydrogen level 20 ppm above basal following lactose
ingestion in 125 patients who were lactose HBT positive was
90.8± 44.4 minutes (range 15-195 minutes).
Result of glucose hydrogen breath test: Of 192 patients
115 underwent GHBT. 10/115 (8.7%) patients were positive to
GHBT. Frequency of positive GHBT was comparable amongst
lactose HBT positive and LTT positive patients (7/10, 70% vs.
8/10, 80%,).

Discussion
The present study showed that LTT more often diagnosed LM
than lactose HBT in patients with IBS. There was a trend
towards development of symptoms following a lactose load
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in patients who were LTT positive but not in those who were
lactose HBT positive. LTT positive patients produced a higher
level of breath hydrogen throughout the recording period
compared to those who were LTT negative and a level of
hydrogen greater than 20 ppm above basal was reached
almost within ninety minutes of the recording period in patients
who were lactose HBT positive.
Comparative studies on utility of LTT and lactose HBT in
the diagnosis of LM are scanty and contradictory.5,6,11,18,19,20
While some studies suggested the two methods as
comparable,11,20 others suggested lactose HBT to be better
than LTT19,21 or LTT to be superior to lactose HBT.5 Our results
show that LTT is comparable or even better than lactose HBT.
Inferior performance of lactose HBT as compared to LTT is
quite expected due to the following reasons: (a) about 15%18% of populations are hydrogen non-producers22,23,24 in
whom lactose HBT may be falsely negative; these patients
produce methane 24 instead of hydrogen. Methanogenic
bacteria utilise hydrogen and produce methane; therefore,
breath excretion of hydrogen is less.24 If hydrogen is the only
gas measured, these patients would have a negative lactose
HBT despite having LM, (b) time to rise in breath hydrogen
depends on gastric emptying and small bowel transit time
and hence,25,26,27 one may miss rise in hydrogen following
lactose if recording is not done for a prolonged period of time,
(c) lactose HBT may be falsely positive in patients with SIBO,7
(d) high fasting breath hydrogen level may limit the
performance of lactose HBT.9 Such limitations would not affect
the performance of LTT. However, LTT has some other
limitations in patients with diabetes mellitus, in whom there
may be a rise in blood glucose even though there is lactose
malabsorption.28 Furthermore, the lesser time required to
perform LTT (i.e. 30 minutes) is an advantage of LTT in contrast
to the prolonged recording required for lactose HBT. Our data
showed that the mean time required to peak demonstration
following lactose ingestion was 90 minutes and the highest
was 195 minutes for lactose HBT. In our study, however, only
breath hydrogen and not breath methane was measured for
the diagnosis of LM. However, this might have missed only a
small subset of patients who were methane producers.
However, several brands of breath test machines can measure
only hydrogen and not methane. Furthermore, the facility to
measure methane in addition to hydrogen would overcome
only one limitation of lactose HBT. Furthermore, LTT requires
only a glucometer in contrast to lactose HBT, which requires
HBT equipment, which may not be widely available.
Patients who were LTT positive excreted more hydrogen in
the breath than those who were LTT negative throughout the
recording period (Figure 1). Hydrogen is produced by colonic
bacterial fermentation of lactose that has escaped digestion
and absorption in the small bowel due to deficiency of the
enzyme lactase. This is supported by the fact that the maximum
hydrogen excretion in the breath is inversely correlated with
change in blood sugar following lactose ingestion in the
present study. This observation has not been previously
documented in the literature. In fact, the latter denotes the
amount of unabsorbed lactose available in the gut for bacterial
fermentation in the colon. A higher amount of hydrogen
production in patients who are LTT positive may have clinical
significance. Abdominal distension and bloating are common
symptoms in patients with IBS.29 Studies using radioactive
xenon gas infusion into the bowel have shown that higher
quantity and abnormal distribution of gas in the gut is
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responsible for bloating in patients with IBS.30,31 Therefore, a
positive LTT in patients with IBS may carry higher clinical
significance explaining their symptoms. In fact, our data
showing a trend (p = 0.07) towards development of symptoms
following lactose ingestion in patients who were LTT positive
but not in those who were lactose HBT positive support this
contention.
It is possible that positive LTT might reflect a true or more
severe form of LM than negative LTT. Bacterial overgrowth in
the small bowel can also result in a positive lactose HBT
result due to bacterial fermentation of lactose in the small
bowel.7 Therefore, some of the patients in whom lactose HBT
is positive but LTT is negative might be related to SIBO.
At times, fast small bowel transit may also result in the delivery
of a part of the lactose load into the colon resulting in a positive

Figure 1: Maximum breath hydrogen (ppm) in relation to time
(min) in patients with irritable bowel syndrome. Bars
represent the standard deviation.

Figure 2: Figure showing inverse correlation between peak
breath hydrogen (ppm) and change in blood glucose (mg/dl) before and 30 minutes after ingestion
of 50 g lactose.
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lactose HBT result. However, these possibilities are unlikely
in the present study as frequency of positive LTT was far higher
than that of positive lactose HBT. Furthermore, SIBO has been
reported in only 13% patients with IBS from the study centre
and in 8.7% patients in the current study.3
There was no relation between age and gender of patients
and results of LTT or lactose HBT. Some of the previous
studies showed that frequency of LM increases with aging.32,33
However, in those studies frequency of LM was studied in
relation to age during first to second decades of life.32,33 It is
known that in tropical countries LM occurs in adolescents and
young adults. Since most of our patients were in the third or
fourth decades of life, we did not find any relationship between
age and frequency of LM in our population. High frequency of
positive test in the present study might be related to several
reasons; (a) many of these patients might have been referred
for LM testing with a clinical suspicion based on history of milk
intolerance,3 (b) test using a 50 g lactose load may be too
high and not physiologically compatible, particularly in tropical
countries, and (c) the frequency of LM is high in patients
presenting with symptoms of IBS in India.3 Thus, we suggest
the need to exclude LM before diagnosis of IBS is made as
has been suggested by other authors.34
To conclude, we have shown that LTT is comparable or
even better than lactose HBT for the diagnosis of LM. Positive
LTT is associated with a higher breath hydrogen level than
negative LTT. There was a trend seen in patients towards
development of symptoms following lactose ingestion
amongst those who were LTT but not lactose HBT positive.
Therefore, LTT can be used for the diagnosis of LM, it can be
easily combined with lactose HBT and it can even be
performed on its own in centres where the facility for lactose
HBT is not available.
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