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Failure of the hydrogen breath test to detect primary
sugar malabsorption
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SUMMARY Five patients with sucrase-isomaltase deficiency, and one patient with primary glucose-
galactose malabsorption had no increases in breath hydrogen excretion after oral sucrose or glucose.
Anaerobic incubation with sugars of stool suspensions from 5 patients with primary sugar mal-
absorption produced a trace of hydrogen (17 ,ul) in only one, while those from 13 of 14 controls
produced a mean hydrogen volume of 640 ,ul under similar conditions. Altered bacterial metabolism
is a probable explanation. Breath hydrogen excretion did increase appreciably in 2 of these patients
after oral lactulose showing that hydrogen excretion may vary according to the substrate. Therefore,
observation of breath hydrogen excretion after lactulose is not recommended as a means of predicting
false-negative breath tests with other sugars. The hydrogen breath test is not a reliable means of
diagnosing primary sugar malabsorption in children.

The detection of increased amounts of hydrogen in
expired air after sugar ingestion has been proposed as
a sensitive, reliable, and non-invasive means of
detecting sugar malabsorption.1
The theoretical basis for the test has been

reviewed :2 sugar not absorbed in the small-intestine
reaches the colon, where it is metabolised by bacterial
flora into gaseous hydrogen and short-chain fatty
acids. Hydrogen thus produced diffuses across the
colonic wall and is carried in solution to the lungs,
where it is excreted in the breath. About 14% of total
colonic hydrogen production is excreted in this way,
the remainder appearing as flatus.3 The anatomical
site of hydrogen production is almost entirely
restricted to the colon in normal subjects3 and total
hydrogen excretion in breath correlates with the dose
of cardohydrate administered.4
Hydrogen production does not occur in germ-free

rats5 nor does it occur in human newborn infants
immediately after birth.6 There is no recognised
pathway for hydrogen production in human meta-
bolism and it is assumed to originate from bacteria.
The interpretation of the hydrogen breath test in

regard to carbohydrate malabsorption depends on
the following assumptions: (1) hydrogen-producing
bacteria are not present in the small-intestine,
(2) the colonic flora will metabolise the sugar,
releasing hydrogen, (3) hydrogen produced in the
colon is not prevented from appearing in expired air

by disease of the colonic mucosa, colonic micro-
circulation, or lungs, and (4) the hydrogen detected in
expired air does not originate from an extraintestinal
source-such as oral bacteria.
The hydrogen breath test has been claimed to be a

reliable means of detecting lactose malabsorption in
a prospective study in adults,' and other studies have
suggested it might be of value in diagnosing sugar
malabsorption in children.7 8 However, Gilat et al.9
have reported a group of normal adults containing
20% of non-hydrogen producers. This report, and
the few other studies reported in children, led us to
examine further the reliability of the hydrogen breath
test for detecting primary sugar malabsorption in
children.

Because of the suggestion4 9 that failure of breath
hydrogen production may relate to inability of
bacterial flora to metabolise sugars to hydrogen, we
tested stools from our patients for hydrogen pro-
duction in vitro.

Patients and methods

The 6 patients studied comprised all those with
primary disorders of carbohydrate absorption
attending a paediatric gastroenterology clinic. Five
had been diagnosed as sucrase-isomaltase-deficient
and one as having primary glucose-galactose
malabsorption (Tables 1 and 2).
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Table 1 Clinicalfeatures
Case Sex Age (years) Age at Clinicalfeatures at Response to initial Diagnosis

presentation presentation sugar challenge
(years)

1* F 4-0 0-4 Watery diarrhoea from day Diarrhoea with reducing Sucrase-isomaltase
6. Growth failure substances in stools deficiency

2* M 15-7 12.3 Watery diarrhoea from 12 No symptoms Sucrase-isomaltase
months. Growth failure deficiency
and abdominal pain from
3 years

3* M 10.3 7.4 Watery diarrhoea from Diarrhoea with reducing Sucrase-isomaltase
birth. Excess flatus, substances in stools deficiency and coeliac
abdominal pain from disease
7 years

4 M 1.8 1.7 Watery diarrhoea after Diarrhoea with reducing Sucrase-isomaltase
sugar ingestion began substances in stools deficiency
during first year. Rectal
prolapse. Tympanitic
abdominal distension

5 M 4.8 1.6 Watery diarrhoea from 1 Not done Sucrase-isomaltase
week. Growth failure. deficiency
Mild developmental delay.
Abdominal distension

6 F 6*6 Neonatal period Watery diarrhoea from Diarrhoea with reducing Primary glucose-galactose
birth, remitting on substances in stools malabsorption
exclusion of dietary
glucose and galactose

* Siblings.

Table 2 Small-intestinal biopsy findings: disaccharidase levels units/g wet weight tissue (Dahlqvist 196419)
Case Lactase Sucrase Maltase Isomaltase Palatinase Histology

Control values (1*0-5*7) (4*0-8*6) (4.6-33) (1*5-4*0) (1*2-6*8)
1* 0.7 0 2.1 ND 0 Normal
2* 5.3 0 2.0 0 ND Normal
3*t 0 0- 17§ 1.0 0 ND Subtotal villous atrophy
3** 0.46 0.09 § 1.9 0.72 ND Normal
4 2.2 0.2§ 7.4 0.2 0.04§ Normal
5 5.6 <0.1§ 7.8 ND <0.2§ Normal
6 2.5 3.7 15.7 ND 0-7 Normal

*Siblings. tBiopsy on gluten-containing diet,: biopsy after gluten withdrawal. §Not significantly different from zero.

Coexistent coeliac disease and sucrase-isomaltase
deficiency were diagnosed in Case 3, on the basis of
clinical and biochemical evidence of generalised
malabsorption on a gluten-containing diet, and
histological evidence of a 'flat' mucosa, with clinical
and'histological recovery on gluten withdrawal, but
with persistence ofthe disaccharidase abnormality.

Procedure. After a fast of at least 6 hours (generally
overnight), sucrose (Cases 1-5), or glucose (Case 6)
was administered in 20% aqueous solution in a
dosage of 2 g/kg body weight, maximum 50 g. In
addition, lactulose (Duphar Laboratories Ltd,
Southampton) 0-5 g/kg in 10% by vol aqueous
solution was administered to Cases 2 and 4. Patients
were observed for clinical evidence of intolerance,
and any loose stools were tested for pH and for
reducing substances by the Clinitest method of
Kerry and Anderson10 before and after hydrolysis
with hydrochloric acid.

Breath sampling. Breath samples were obtained
immediately before ingestion of the test sugar, and at
30-minute intervals thereafter for 3 hours. The
collection period was extended to 4 hours in Case 2.
Breath samples were obtained by the modified
Haldane-Priestley tube technique11 in Cases 2, 3, and
6, and by the Rahn-Otis end-tidal sampler (Warren E.
Collins Inc, Braintree, Mass.)12 in Cases 4 and 5.
Both techniques were used in Case 1, giving almost
identical results. The Rahn-Otis end-tidal sampler
gives breath samples which compare closely (r=0- 91)
in hydrogen concentration with those obtained by
the modified Haldane-Priestley tube,13 and does not
require active patient co-operation. It is our method
ofchoice in infants and young children.

Breath storage. Samples were stored before analysis
in 50 ml polypropylene syringes (Becton Dickinson,
Middlesex) fitted with 3-way taps (A H S, Belgium).
All syringe/tap combinations were tested for
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mechanical leakage and correction was applied for
hydrogen loss by diffusion based on the mean hourly
exponential loss. Samples from Cases I to 4 were
analysed within 4 hours of collection, while the
sample from Case 5 was stored for 54 and that
from Case 6 for 78 hours.

Breath analysis. Analysis was by gas-solid chromato-
graphy and katharometer detector. Carrier gas was

argon (BOC high purity argon) at 25 ml/min. A 5 ft
glass column was packed with molecular sieve 5A
60-80 mesh (Pye Unicam). The column was housed
in a Pye series 104 gas chromatograph at a tempera-
ture of 500C, fitted with a Pye katharometer detector
and amplifier. The filament temperature was 100°C.
Output was to a Servoscribe Is RE 541 Potentiometric
Recorder. Calibration was achieved by a standard
gas mixture of hydrogen in air at a concentration of
50 parts per million (ppm) (British Oxygen Company,
Special Gases). Samples were introduced into a

10 ml stainless steel sample loop via a Pye gas

sampling valve, series 104, after first passing through
a chamber (volume 10 ml) filled with silica gel and
soda lime. This technique enabled detection of
hydrogen concentrations as low as 1 ppm, with a

standard error of 2 ppm. A positive breath hydrogen
response was defined as a peak rise of at least 20 ppm
above the fasting level, as suggested by Metz et al.14

Stool incubation. A suspension was prepared from 5 g
faeces in 10 ml phosphate-buffered saline. Suspension
(2 ml) was added to 18 ml 1 % sucrose, lactose or

lactulose in peptone water, and to peptone water
control. The sugar/peptone water solutions had been
boiled previously to render the medium suitable for
aerobic and anaerobic organisms, and allowed to
cool. 14 ml of each mixture were drawn into 20 ml
polypropylene syringes, and any air carefully
expelled. Syringes were sealed by means of a 3-way
tap, and incubated vertically, taps uppermost, for
18 hours at 370C. The volume of gas generated was

estimated from the calibrations on the syringe.

Samples which failed to produce gas by 18 hours
were incubated for a further 24 hours, but in no
sample did gas production appear during longer
incubation. Samples of 1-0 ml volume were with-
drawn anaerobically from the 3-way tap into a I ml
capacity polypropylene syringe fitted with a second
3-way tap, and sealed before analysis, which took
place within 4 hours of collection. Correction was

made for loss of hydrogen by diffusion throughout
the procedure.

Stool gas analysis
Gas evolved was collected into ml syringes fitted
with 3-way taps. Samples were diluted to 1 0 ml total
volume with allowance being made for the dilution
factor. The analytical technique for breath analysis
was modified, in that the silica gel and soda lime
container was removed, and an 0 5 ml stainless steel
sampling loop fitted. Calibration gas was 1*0O%
hydrogen (EDT Research, London).

Results
Breath tests. (Table 3) All patients failed to excrete
increased concentrations of hydrogen in breath after
oral administration of the sugar for which a specific
malabsorptive disorder existed. Our negative breath
test findings prompted us to see whether this failure
in hydrogen excretion applied to other non-

absorbable sugars too, and to seek evidence of altered
hydrogen production by stools in vitro.

Lactulose (P-1,4 galactosido-fructose), a synthetic
non-absorbable disaccharide, has been found to
produce increased hydrogen excretion in a propor-
tion of normal individuals, although up to 20% may
fail to do so.9 It has been suggested7 9 14 that if
increased breath hydrogen excretion after lactulose
is observed a false-negative response to other test
sugars is unlikely.
To test this hypothesis, Cases 2 and 4 were given

lactulose and produced maximum rises of 42 and 144
ppm million above their basal values. Their gut flora
were therefore able to metabolise lactulose.

Table 3 Breath hiydrogen excretion and clinical response to sugar challenige
Case Sugar Sampling method Peak rise breath Clinical response Previous dietary

H2 (ppmn) sutgar contentt

I* Sucrose 29 4 g Haldane-Priestley tube -1 Gaseous watery diarrhoea Reduced
1 (Ist) Sucrose 29.4 g Haldane-Priestley tube 2 Watery diarrhoea. 0 25%

reducing substances after Reduced
hydrolysis pH 4 - 0

1 (2nd) Rahn-Otis end-tidal sampler I
2* Sucrose 50 g Haldane-Priestley tube 5 Borborygmus only. Constipated Reduced
3* Sucrose 50 g Haldane-Priestley tube 0 Nil Normal intake
4 Sucrose 22.2 g Rahn-Otis end-tital sampler - 4 Watery diarrhoea. 0 25 Normal intake

reducing substances after
hydrolysis

5 Sucrose 31 6 g Rahn-Otis end-tidal sampler 7 Watery diarrhoea Little or none
6 Glucose 50 g Haldane-Priestley tube 13 Nil Reduced

*Siblings; tCases 1-5 sucrose. Case 6 glucose.
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Table 4 Hydrogen production during stool incubation
with sugar substrates (total hydrogen production in [l)

Lactose lactulose Sucrose Peptone control

Cases
1 0 0 0 0
2 0 0 0 0
3 0 0 17 0
5 0 0 0 0
6 0 0 0 0

Relatives*
RI 150 0 330 0
R2 0 0 0 0
R3 3.2 290 210 0
R4 0 75 4-8 0
Controls
7 7.5 0 - 0
8 190 170 560 0
9 7.1 260 340 0
10 180 5.2 540 0
1 1 360 24 0 0
12 840 1500 1000 0
13 41 0.8 490 0
14 150 87 590 0
1 5 1500 600 1300 0
16 0 0 200 0
17 530 270 54 0
18 510 320 420 0
19 1800 2400 2200 0
20 920 370 600 0

*Ist-degree relatives of Cases 1, 2, and 3.

Stool incubation. With the understanding that neither
the microenvironment nor the flora ofthe colon could
be duplicated precisely in vitro we assessed hydrogen
production in vitro from faecal homogenates
incubated anaerobically with various sugar sub-
strates. Results from 14 controls and from Cases
1, 2, 3, 5, and 6 were obtained (Table 4). No specimen
could be obtained from Case 4 who has defaulted
from follow-up.

Stools from patients with primary sugar mal-
absorption when incubated with sucrose, lactose, or
lactulose failed to produce hydrogen (with only one

exception). Control stools produced hydrogen in
more than 90% of incubations. Stools from 1st-
degree relatives of the 3 siblings (Cases 1, 2, and 3)
with homozygous sucrase-isomaltase deficiency
produced hydrogen in 5 (42%) out of 12 incubations.
There was general agreement between hydrogen
production from stool incubation in vitro and on

breath testing with the same carbohydrate.
Exceptions to this general rule were observed in
Case 2 with lactulose and in Case 3 with sucrose.
Pronounced variation was seen in the amounts of
hydrogen produced from different sugars in the
stools of relatives (Cases RI, R3, and R4) and
controls (Cases 9, 10, 11, 13, and 16). This variation
differs from the experience of Bond and Levitt,4 who
found similar amounts of hydrogen produced from
various test sugars.

Discussion

The possible theoretical reasons for failure of
detection of increased breath hydrogen excretion in
these patients are: (1) technical failure in collection,
storage, or analysis of specimens. All possible causes
have been sought and, we think, eliminated.
(2) Failure of transfer of hydrogen from the colonic
lumen into the circulation, or from the pulmonary
circulation into alveolar air. Significant degrees of
large-bowel inflammatory disease, vascular disease,
or pulmonary diffusion defects would be required to
prevent the complete transfer of hydrogen, an
extremely diffusible gas, down the large concentra-
tion gradient from the colonic lumen to the alveoli.
None of our patients had any evidence of such
disease. Mechanisms of gas exchange have been
reviewed by Forster.15 (3) Absorption of sugar in the
small-intestine. Both disorders are understood as a
genetically-determined absence of enzyme activity
and no functional adaptation of the mucosa has been
described. Lack of significant rise in blood glucose
after oral sucrose in Case 2 and after oral glucose in
Case 6 is evidence against absorption having
occurred in these patients. (4) Absorption of sugar or
its early metabolic products in the colon. There is
experimental evidence in man and rats that
intracaecally-administered 14C-glucose is largely
reabsorbed in the form of short-chain fatty acids, and
that only a small proportion of 14C (less than 20%)
can be recovered from the stools.16 In patients with
long-term sugar malabsorption there is a continual
high osmotic load of sugar and short-chain fatty
acids in the colon. It is possible that adaptive
changes in reabsorptive mechanisms may occur in
the colonic mucosa, or that the metabolic activity of
the colonic flora may alter to prevent the substrate
loss that results from the accompanying osmotic
diarrhoea. (5) Failure of hydrogen production by the
colonic flora, or use of increased hydrogen.

Evidence to support this comes from the work of
Levitt and Donaldson17 who demonstrated greatly
reduced hydrogen production from the stools of a
lactose-intolerant patient with absent breath
hydrogen excretion after lactose. In addition they
suggested that this might result from long-term
avoidance of dietary lactose, and that the
phenomenon may be reversible by reintroduction of
lactose into the diet. However, dietary avoidance of
sugar was not the factor that influenced the colonic
flora in our own patients, of whom 5 of the 6 were
receiving significant amounts of the non-absorbable
sugar in the diet.

Further support for the suggestion of altered
hydrogen production by colonic flora is afforded by
our own data, where in all 6 patients hydrogen
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production failed to take place, and the stools from
5 of them showed reduced hydrogen production from
a variety of sugars when compared with controls.
Whether in these cases hydrogen production is

decreased, or whether its utilisation is increased, is
impossible to tell. Levitt et al.5 have produced
evidence in the rat of rapid utilisation of hydrogen
instilled into the caecum. This utilisation was shown
to be produced by the colonic flora. since it was
blocked by neomycin and failed to occur in germ-free
rats.
The lack of clinical response to the ingested sugar

in some of our patients (Tables 1 and 3) has been
reported elsewhere to develop with increasing age in
patients with sucrase-isomaltase deficiency where
there is also considerable individual variation in the
severity of response to dietary sucrose.18 It is
interesting to speculate that these phenomena may be
explained by altered metabolism of the bacterial
flora or increased colonic reabsorption of short-chain
fatty acids.

In conclusion, our results indicated that hydrogen
breath testing was of no value in diagnosing primary
sugar malabsorption in children. Furthermore,
discordance was observed in these patients between
hydrogen excretion after malabsorption of sucrose
and that which followed lactulose. This suggested
that observation of the breath hydrogen response
after lactulose was not a reliable means of predicting
false-negative responses to other sugars.

Failure of hydrogen production during incubation
of stools from patients with sugar malabsorption
suggested that altered activity of bacterial flora was
the most likely explanation for the lack of breath
excretion. Stool hydrogen production was not
sufficiently consistent between substrates to be of
predictive value for breath excretion.

Further understanding is necessary of factors
influencing the colonic fermentation of sugars before
the hydrogen breath test can be considered a reliable
tool in the diagnosis of disorders of carbohydrate
absorption.
Throughout this study we have differentiated

between sugar malabsorption and sugar intolerance.
Sugar malabsorption is a diagnosis based on

biochemical evidence of incomplete absorption of the
sugar in the small-intestine: sugar intolerance occurs
when clinical symptoms are associated with sugar
ingestion. The two are not necessarily synonymous.
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