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Abstract
Breath tests are non-invasive tests and can detect H2 
and CH4 gases which are produced by bacterial fer-
mentation of unabsorbed intestinal carbohydrate and 
are excreted in the breath. These tests are used in 
the diagnosis of carbohydrate malabsorption, small 
intestinal bacterial overgrowth, and for measuring the 
orocecal transit time. Malabsorption of carbohydrates 
is a key trigger of irritable bowel syndrome (IBS)-type 
symptoms such as diarrhea and/or constipation, bloat-
ing, excess flatulence, headaches and lack of energy. 
Abdominal bloating is a common nonspecific symptom 
which can negatively impact quality of life. It may re-
flect dietary imbalance, such as excess fiber intake, or 
may be a manifestation of IBS. However, bloating may 
also represent small intestinal bacterial overgrowth. Pa-
tients with persistent symptoms of abdominal bloating 
and distension despite dietary interventions should be 
referred for H2 breath testing to determine the pres-
ence or absence of bacterial overgrowth. If bacterial 
overgrowth is identified, patients are typically treated 
with antibiotics. Evaluation of IBS generally includes 
testing of other disorders that cause similar symptoms. 
Carbohydrate malabsorption (lactose, fructose, sorbi-
tol) can cause abdominal fullness, bloating, nausea, 
abdominal pain, flatulence, and diarrhea, which are 
similar to the symptoms of IBS. However, it is unclear 
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if these digestive disorders contribute to or cause the 
symptoms of IBS. Research studies show that a proper 
diagnosis and effective dietary intervention significantly 
reduces the severity and frequency of gastrointestinal 
symptoms in IBS. Thus, diagnosis of malabsorption of 
these carbohydrates in IBS using a breath test is very 
important to guide the clinician in the proper treatment 
of IBS patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Bloating and distention are often attributed 
to dietary factors by patients with irritable bowel syn-
drome (IBS). Recently, small intestinal bacterial over-
growth (SIBO) has been advocated as a pathogenetic 
factor of IBS. Sugar malabsorption in the bowel can 
lead to bloating, cramps, diarrhea and other symptoms 
of IBS as well as affecting absorption of other nutrients. 
The breath test is now a well-established noninvasive 
test for assessing malabsorption of sugars in the small 
intestine. The glucose breath test has been reported as 
a better diagnostic method for determination of SIBO. 
Therefore, this review highlights the role of breath tests 
in diagnosis and management of IBS.
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INTRODUCTION
Breath tests are inexpensive, simple and non-invasive, 
inexpensive tests which can be used for (1) detection of  
excess bacteria in the small intestine; (2) evaluation of  car-
bohydrate maldigestion; and (3) estimation of  intestinal 



transit time. In order to diagnose irritable bowel syndrome 
(IBS), all the above parameters should be ruled out.

In 1970s, breath hydrogen (H2) was used to estimate 
lactose malabsorption. Lactose malabsorption was also 
studied by Newcomer and associates[1] using 14CO2-
labeled lactose, breath H2 and blood sugar changes. In 
1978, it was observed that not all disaccharides were hy-
drolyzed and absorbed in the small intestine during the 
digestion of  foods with help of  breath H2

[2].
Breath testing consists of  measurement of  H2/meth-

ane (CH4) produced by bacterial fermentation of  unab-
sorbed carbohydrate that is ingested by subjects (Figure 1). 
Subsequent breath samples are collected atspecific time 
intervals (i.e., every 15 or 30 min) for 2-5 h. These breath 
samples are analyzed using the SC Microlyser (Figure 2) 
to measure amount of  exhaled H2 and CH4. H2 and CH4 
gases exhaled in the breath are generally the end result of  
fermentation of  carbohydrate ingested by bacteria in in-
testine[3]. CO2 is produced by all cells during metabolism, 
but only bacteria produce H2 and CH4 as metabolic by-
products. Thus, if  either H2 and/or CH4 are produced 
in body, this proves that a substrate has been exposed to 
intestinal bacteria with leading tobacterial fermentation[4].

TYPES OF BREATH TESTS
Breath tests are most frequently used for diagnosis of  
lactose, sorbitol and fructose malabsorption, the glucose 
breath test (GBT) for small intestinal bacterial over-
growth (SIBO) and the lactulose breath test for orocecal 
transit time.

GLUCOSE BREATH TEST
Under physiological conditions, glucose is straight away 
absorbed in the small intestine[5]. However, if  there is 
bacterial overgrowth in small intestine, bacterial fer-
mentation of  glucose leading to production of  H2 can 
take place prior to the absorption of  glucose, which is 
measured by increase in H2/CH4 concentration. Thus, 
any increase ≥ 10 ppm in H2/CH4 concentration in two 
consecutive readings above the basal value is to be con-
sidered as significant and indicates about SIBO.

LACTULOSE BREATH TEST
Lactulose is a simple disaccharide. Generally, there is 
no lactulase enzyme in the small intestine to hydrolyze 
this sugar, therefore it is transported intact to the colon 
where it is metabolized by colonic bacteria. End products 
of  its metabolism include H2 and CH4. The time interval 
between ingestion of  lactulose and rise in breath H2/CH4 
concentration ≥ 10 ppm in two consecutive readings 
above the basal value is measure of  orocecal transit time. 

LACTOSE BREATH TEST
Lactose intolerance is prevailing throughout the world. 
Subjects generally avoid milk and other dairy products to 
improve their symptoms. For effective utilization, lactose 
requires hydrolysis by the enzyme lactase. An increase 
in H2/CH4 concentration ≥ 20 ppm in two consecutive 
readings above the basal value is considered lactose in-
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Figure 1  Principle of breath testing.



tolerance. The breath test is now being considered to be 
the most practical and dependable method to diagnose 
malabsorption of  lactose.

FRUCTOSE BREATH TEST
This test can help to determine if  individual has any prob-
lem in fructose digestion. Individuals with fructose intoler-
ance may show symptoms like gas, diarrhea, gas, bloating 
and cramping. Fructose occurs as simple sugar in fruits, 
vegetables, and honey. When fructose comes in contact 
with normal bacteria in the intestine, H2 and/or CH4 gas is 
expired. Usually, a dose of  25 g of  fructose is used. An in-
crease in H2/CH4 ≥ 20 ppm in two consecutive readings 
above the basal value indicates fructose intolerance.

SORBITOL BREATH TEST
Sorbitol is found in stone fruits, and also used as an artifi-
cial sweetener in sugar-free gum and mints. It is poorly ab-
sorbed in small intestine. Sorbitol breath test determines 
if  an individual can absorb small amount of  sorbitol. This 
can help to decide if  dietary restriction of  sorbitol can 
lead to improvement in gastrointestinal symptoms. 

The various types of  breath tests for H2/CH4 mea-
surement are shown in Figure 3.

ROLE OF BREATH TESTS IN IBS
IBS is incessant condition of  intestine. According to the 
Rome Ⅲ criteria[6], it is defined as recurrent abdominal 
pain or discomfort at least 3 d/mo in last 3 mo associated 
with two or more of  the following: (1) improvement in 
abdominal pain with defecation; (2) onset associated with 

a change in frequency of  defecation; and (3) onset associ-
ated with a change in form (appearance) of  stools.

IBS is characterized by impaired defecation, abdomi-
nal discomfort and bloating. IBS is functional gastroin-
testinal disorders in which a variety of  factors, including 
abnormal visceral sensation, psychosocial factors and 
altered motility interact to cause symptoms. Although 
mechanisms underlying IBS are not fully known, a best 
possible explanation of  symptoms may be that 92% of  
IBS patients suffer from bloating[7]. Some investigators 
have reported increased H2 gas production following 
administration of  fermentable substrates in subjects 
with IBS compared with healthy controls[8]. A possible 
explanation for these observations has been that certain 
individuals who meet diagnostic criteria for IBS may 
actually have SIBO, due to colonization of  the proximal 
small bowel with fermenting bacteria or intolerance to a 
carbohydrate.

SIBO IN IBS PATIENTS
Exact prevalence of  SIBO in newly diagnosed IBS is not 
known. Variable data are reported in the literature which 
reflect different sensitivity and specificity of  methods, 
either biochemical or microbiological, used for diagno-
sis of  SIBO. An exact estimation of  SIBO prevalence 
should have important therapeutic implications as SIBO 
and symptoms related to it (i.e., abdominal bloating) can 
be successfully treated bynon-absorbable antibiotics[9,10]. 
Breath tests are not only easy to perform but are also 
non-invasive compared with jejunal aspiration. These also 
give quicker information in comparison to jejunal aspira-
tion[11]. SIBO occurs in wavering frequencies in IBS[12,13]. 
It varies according criteria used to measure SIBO and 
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Figure 2  Gases released can be detected by Breath analyzer.
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of  SIBO (76%) in IBS patients using the lactulose breath 
test[24]. The variation in lactulose and GBTs may be due to 
differences in the nature of  the substrate and diagnostic 
method used. Another practice of  breath sample analysis 
utilized substrates such as D-xylose or glycocholic acid 
labeled with 13C and 14C isotopes, followed by analysis by 
mass spectrography or scintillation counting of  breath 
samples for isotopic CO2

[25-27]. 14C-labeled substrate how-
ever are not applicable for testing children and pregnant 
women. 

STUDIES RELATED TO SIBO IN IBS IN 
DIFFERENT POPULATIONS
Cuoco and Salvagnini[9] reported that 46% of  96 patients 
in North Italy with IBS had positive breath test after 
oral lactulose administration. European investigators 
reported increased gastrointestinal bacterial flora in 43% 
of  IBS patients in comparison to 12% of  controls[20]. 
United States-based clinicians have also reported posi-
tive test in around 80% of  IBS patients[28-30]. In a study 
using a lactulose H2 breast test and whole-gut scintigra-
phy in IBS patients, radio-labeled material almost always 
reached cecum before H2 breath content rose by > 20 
ppm[28,30]. This study provided convincing evidence that 
lactulose H2 breath testing reflects variations in oroce-
cal transit time rather than a diagnosis of  SIBO. A meta-
analysis in patients with IBS found that prevalence of  
positive lactulose or glucose H2 breath test was 54% and 
31%, respectively, with significant heterogeneity between 
studies[12]. Park et al[31] also observed that lactulose breath 

geographical area. The GBT has been reported as a diag-
nostic test for SIBO[14,15]. It is the most extensively used 
test, as the substrate is inexpensive, and glucose is fer-
mented by small intestinal bacteria into H2/CH4 and CO2. 
Kerlin and Wong[16], have reported that GBT performed 
for 2-h had a sensitivity of  93% and a specificity of  78% 
in SIBO identification against the gold standard of  a je-
junal aspirate. The jejunal aspirate culture has been used 
as the gold standard to diagnose SIBO but limitations of  
this test include the challenges posed by attempting to 
culture all strains and species, possibility of  contamina-
tion and the most important being its invasiveness[17,18].
Therefore, breath tests (lactulose or glucose breath tests) 
are most commonly used[19]. The different patterns ob-
served in glucose and lactulose breath tests for detection 
of  SIBO are shown in Figure 4.

Prevalence of  SIBO in IBS patients was found to 
be 4% (based on the definition of  ≥ 105 CFU/mL of  
bacteria in jejunal aspirate) which is similar to that ob-
served in healthy individuals[20]. However, Lupascu et al[21] 
observed that positive GBT was found in 31% (20/65) 
of  IBS patients compared with 4% (4/102) in a control 
group. In comparison to this, a study was performed by 
Pimentel et al[22] in 111 IBS subjects using the lactulose 
breath test. He reported a prevalence of  SIBO of  84% in 
IBS compared with 20% in healthy individuals. Addition-
ally, the administration of  neomycin significantly paci-
fied IBS symptoms. The sensitivity and specificity of  the 
GBT for SIBO were 62.5% and 82%, respectively, and 
of  the lactulose breath test were 52% and 86%, respec-
tively[23]. Another study also found a higher percentage 
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test was not useful for discriminating IBS patients from 
controls. A recent study by Meyrat et al[32] also observed a 
high percentage of  positive lactulose breath tests among 
IBS patients (71%). IBS-associated symptoms improved 
following 2 wk of  treatment with rifaximin. The authors 
concluded that rifaximin treatment pacifies symptoms in 
lactulose breath test-positive IBS patients. Similar results 
were observed by other authors in relation to SIBO and 
its treatment with rifaximin in IBS patients[33-37]. Law et 
al[38] observed that therapy with PPI did not affect pro-
duction of  H2 on lactulose breath tests in IBS patients. 
Parodi et al[39] showed that GBT is useful to identify a 
subgroup of  IBS-like patients, whose symptoms are a 
result of  SIBO. Normalization of  the GBT after antibi-
otic therapy was found to be associated with a significant 
improvement in symptoms. In a study from Pakistan, 
the lactose H2 breath test was used to diagnose SIBO 
in IBS patients[40]. SIBO was observed by the lactose H2 
breath test in 14% (32/234) cases. It was positive in 19% 
(22/119) diarrheal type IBS (IBS-D) patients, while 9% 

(10/115) patients had chronic non-specific diarrhea. In 
another study, sucrose was used as a substrate to diagnose 
SIBO[41]. The authors observed that 32.9% (52/158) pa-
tients with IBS had abnormal breath tests compared with 
17.9% (6/34) of  controls while SIBO+ve and SIBO-ve 
patients did not differ in prevalence of  IBS subtypes. Sa-
chdeva et al[42] also showed that SIBO was more prevalent 
in IBS patients 23.7% (14/59) than healthy controls [2.7% 
(1/37)] using GBT. Patients with D-IBS suffered from 
SIBO more frequently as compared with non-D-IBS 
patients [37% (10/27) vs 12.5% (4/32)]. Constipation-
type IBS (C-IBS) had the lowest number of  patients with 
SIBO (9%, 1/11) among all IBS subgroups. The preva-
lence of  SIBO in children affected by IBS was studied 
by Scarpellini et al[43]. They observed that an abnormal 
lactulose breath test was significantly higher in IBS pa-
tients (65%, 28/43) than in control subjects (7%, 4/56). 
The study conducted in our laboratory on SIBO in IBS 
patients showed that the prevalence of  SIBO in IBS 
patients from North India was approximately 11.1%[44], 
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which is lower than the reported prevalence in Western 
countries[12]. GBT was found to be a more appropriate 
test for the SIBO detection than lactulose breath test 
as per thestudy performed in our laboratory. SIBO was 
positive in 34.3% (60/175) patients with lactulose and in 
6.2% (11/175) patients using GBT. In controls, lactulose 
breath test was positive for SIBO in 30% (45/150) and 
in 0.66% (1/150) using GBT. It was also observed in this 
study that a positive lactulose breath test for SIBO was 
not significantly different in patients and controls; while 

using GBT, SIBO was significantly higher (P < 0.01) in 
patients than in controls. Thus, we concluded that the 
lactulose breath test was not a good test to discriminate 
SIBO in IBS patients from controls[45]. Various stud-
ies[46-48] have demonstrated the disadvantages of  using 
lactulose in diagnosing SIBO, mainly because of  the high 
rate of  false positive results. Table 1 also clearly shows 
that the percentage of  SIBO in IBS patients is high with 
the lactulose breath test compared with the GBT. 

By analyzing the above literature, it can be concluded 
that the GBT is a better diagnostic test for SIBO in IBS 
patients compared with the lactulose breath test, and that 
occurrences of  SIBO in IBS patients varies among dif-
ferent populations.

LACTOSE INTOLERANCE AND IBS
Lactose intolerance has been known for over a century. 
Figure 5 explains the mechanism of  lactose intolerance. 
The lactose H2 breath test[49] extensively used as test for 
lactose intolerance. Pattern of  the breath test observed in 
lactose-tolerant and lactose-intolerant patients is shown 
in Figure 6A. 

The lactose H2 breath test is not sufficient for the diag-
nosis of  lactose intolerance because lactose malabsorbers 
can also give negative H2 breath test. It has been observed 
that individuals with methanogenic flora, measurement 
of  breath CH4 may improve accuracy of  the lactose H2 
breath test in analysing lactose malabsorption[50]. 

STUDIES SHOWING INTERDEPENDENCE 
OF IBS AND LACTOSE INTOLERANCE
IBS and lactose intolerance have similar symptoms and 
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Table 1  Comparison of glucose and lactulose breath tests for 
diagnosis of small intestinal bacterial overgrowth in patients 
with irritable bowel syndrome

Year        Ref. Substrate % age of 
SIBO + ve

Number of 
patients

2005 Lupascu et al[21] Glucose 31   65
2007 Majewski et al[35] Glucose 46 204
2008 Rana et al[45] Glucose    11.1 225
2009 Parodi et al[39] Glucose 16 130
2010 Reddymasu et al[15] Glucose 36   98
2011 Sachdeva et al[42] Glucose    23.7   59
2012 Rana et al[44] Glucose     6.2 175
2008 Grover et al[41] Sucrose    32.9 158
2011 Yakoob et al[40] Lactose 14 234
2003 Pimentel et al[22] Lactulose 84 111
2005 Nucera et al[79] Lactulose 65   98
2007 Madrid et al[24] Lactulose 76 367
2008 Bratten et al[47] Lactulose 67 264
2009 Scarpellini et al[43] Lactulose 65   43
2009 Peralta et al[33] Lactulose 56   97
2010 Park et al[31] Lactulose    56.3 555
2012 Meyrat et al[32] Lactulose 71 150
2013 Scarpellini et al[36] Lactulose 66   50

SIBO: Small intestinal bacterial overgrowth.
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both of  them are common all over the world[51,52]. It is 
approximated that 4%-74% of  healthy individuals in 
different geographic regions[53,54] and 4%-78% IBS pa-
tients[55,56] may have lactose intolerance. Symptoms of  
LI may be influenced by the type of  diet taken by an 
individual like the type and amount of  polysaccharides, 
caffeines, intake of  fluid and the type of  gut flora of  that 
individual[57]. Lactose intolerance patients are at more 
risk of  developing IBS[52] as they have higher visceral 
sensitivity to effect of  lactose in the luminal as compared 
with lactose-tolerant subjects[58]. Studies have shown 
that lactose maldigestion affected 24%-27% of  IBS pa-
tients by lactose breath test[59,60]. In study by Alpers, it 
was documented that 45% of  IBS patients have lactose 
intolerance. However, only 30% were able to relate their 
symptoms with milk and other dairy products[61]. Strik-
ingly, some IBS patients who did not suffer from lactose 
maldigestion complained about symptoms of  lactose 
intolerance. Thus, this shows that lactose intolerance 
should be measured in IBS patients.

Studies have revealed the presence of  lactose mal-
absorption patients suspected with IBS by H2 breath 
testing[60-64]. One study observed that 23% (256/1122) 
patients with suspected IBS showed lactose malabsorp-
tion with 25 g of  lactose[63]. In another study, 50 g of  
lactose was used to assess 186 patients with suspected 
IBS. They also observed that occurrence of  LI in IBS 
was 25.8% (48/186)[64]. In a succeeding publication, au-
thors showed that patients with lactose malabsorption 
had no significant relationship with their gastrointestinal 
(GI) symptoms compared with patients without lactose 
malabsorption[65]. Böhmer and Tuynman[56] also indicated 

similar lactose malabsorption i.e., 24.3% by H2 breath 
testing in IBS patients. In contrast to these findings, 
Tolliver et al[65] showed significant improvement in IBS 
symptom scores in 75% of  IBS patients with lactose-
intolerant after specific dietary intervention 5 years. In an 
North Indian study by Gupta et al[66], it was observed that 
persistence of  lactose intolerance was similar IBS patients 
of  IBS (72%, 89/124) and healthy controls (60%, 32/53). 
However, IBS patients more frequently complained 
about symptoms following lactose intake even though 
levels of  breath H2 were similar to healthy individuals[66]. 
Prevalance of  lactose intolerance in IBS-D patients was 
commensurable to that in patients with other types of  
IBS. Their results further advocated that self-reported 
milk intolerance has 81% positive and 23% low negative 
predictive values for lactose intolerance diagnosis. There-
fore, absence of  such self-reported lactose intolerance 
should not be used to exclude lactose intolerance in IBS 
patients. These results are in similar lines with previous 
report from Italy[67]. In this study, LI was analyzed by self-
reported symptoms with positive and negative predictive 
values observed to be 75% and 31%, respectively. In a 
recent study[68], however, production of  H2 and distention 
were similar among IBS patients and healthy controls us-
ing lactose breath test. However, lactose intolerance was 
more common in IBS (53.8%) than in controls (28.1%).

A study was also conducted in our laboratory to 
observe lactose intolerance in different types of  IBS 
patients from north India[54]. 44% (11/25) patients were 
of  D-IBS, 28% (7/25) patients of  spastic and remain-
ing seven (28%) patients had characteristics of  both 
types of  symptoms. Abnormal lactose H2 breath test was 
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observed in 82% (9/11) D-IBS which was significantly 
higher than controls. Furthermore, patients with D-IBS 
had a higher incidence of  lactose intolerance compared 
with patients with spastic type or features of  both types. 
Furthermore, Yang et al[69] observed that malabsorption 
of  40 g lactose was observed in 93% of  controls and 
92% of  patients with D-IBS. Fewer controls than D-IBS 
patients were intolerant to 10 g lactose (3% vs 18%), 20 
g lactose (22% vs 47%), and 40 g lactose (68% vs 85%). 
Self-reported lactose intolerance was more frequently 
observed in D-IBS (63%) than controls (22%), and thus 
ateless dairy products. 

In children, lactose intolerance was also found to be 
linked with IBS. Gremse et al[70] showed that lactose mal-
digestion may be an important contributory factor in IBS 
children.Lactose avoidance in these patients may reduce 
medication use to relieve symptoms.

The relationship of  the lactose breath test with 
methanogenic flora has also been investigated in various 
studies. Vernia et al[71] showed that after an oral dose of  
lactose less H2 is excreted by patients with predominant 
fasting CH4 low CH4 producers (LMP). Lower prevalence 
of  grave lactose intolerance and its symptoms during the 
test in predominant CH4 producers (PMP) may be as-
sociated with lower and slower H2 excretion. Thus, taking 
only H2 excretion as effective means to quantify carbohy-
drate malabsorption is unrelaible in PMP. CH4-producing 
patients are expected to have a increased false negative 
rate of  lactose intolerance compared with LMP after lac-
tose ingestion. As symptoms are related to the amount of  
gas produced in colon, lactose breath test recognizes pa-
tients with lactose intolerance irrespective of  presence of  
lactose malabsorption and helps in predicting effect of  a 
lactose-restricted diet. Similarly, we observed that lactose 
breath test was present in 50% (77/154) of  IBS patients 
and in 49.6% (142/286) of  controls. It was also observed 
that the lactose breath test was negative due to PMP in 
6.49% (5/77) of  IBS patients and in 20.14% (29/154) 
controls. The effect was more plausible in healthy sub-
jects than in IBS patients[72]. However, in a recent study, 
Lee et al[73] observed that CH4 and H2 are not associated 
with specific symptoms in IBS patients. 

Thus, it can be concluded that measurement of  lac-
tose intolerance using the lactose breath test is essential 
in IBS patients to modify their diet for improvement of  
symptoms. It also indicates the importance of  CH4 mea-
surement along with H2 gas to detect lactose intolerance.

CONTROVERSIAL STUDIES ON LACTOSE 
INTOLERANCE IN IBS PATIENTS
Farup et al[53] observed that IBS and lactose malabsorp-
tion were found to be unrelated disorders. A usual test 
for lactose malabsorption seems unnecessary in persons 
with IBS in an area with a low lactose malabsorptionp-
revalence. Milk-related symptoms and symptoms after 
lactose intake were inaccurate predictors for lactose mal-
absorption. In a study by Corlew-Roath et al[74], incidence 

of  fructose and lactose malabsorption in populations 
with and without IBS was comparable. 33% of  both 
groups had lactose malabsorption, fructose malabsorp-
tion or both. Both populations also had similar results 
with diets. IBS patients had 77% compliance and 72% 
in patients without IBS. However, patients without IBS 
showed improvement in symptoms with dietary changes 
than IBS patients. This advocates that IBS symptoms are 
not dependent on carbohydrate maldigestion, and dietary 
changes may not improve symptoms in patients with IBS.

COMBINATION OF SUBSTRATES AND 
IBS SYMPTOMS
Lactose[75], fructose[76] and sorbitol malabsorption[77,78] 
have also been blamed for symptoms present in IBS 
patients. In a study in IBS patients[79], SIBO was present 
in 65% (64/98) using the lactulose breath test. SIBO-
positive patients further showed significantly higher 
prevalence of  malabsorption by lactose breath test (83% 
vs 64%), fructose breath test (70% vs 36%) and sorbitol 
breath test (70% vs 36%) when compared with the SIBO 
negative IBS patients. SIBO eradication caused significant 
reduction in lactose, fructose and sorbitol positive breath 
tests.They concluded that SIBO positivity should always 
be assessed first, before analyzing for carbohydratemal-
absorption and specific carbohydrateelimination diets in 
IBS patients. Fructose, sorbitol and lactose breath tests 
could become a useful diagnostic approach in SIBO-
negative patients with refractory symptoms. Sugar malab-
sorption could be primary (congenital enzymatic/carrier 
deficiency) or acquired due to damage in intestine due to 
acute gastroenteritis, celiac disease, Crohn’s disease or due 
to medications[80]. When carbohydrates malabsorption 
occurs, their passage in bowel causes production of  short 
chain fatty acids and gas with initiation of  syndrome 
characterized by abdominal pain, diarrhea and meteorism, 
thus mimicking IBS symptoms. In a study by Moukarzel 
et al[81] breath H2 tolerance tests with lactose, sucrose and 
apple juice in the amount patients normally consumed 
were positive in 32%, 0%, and 50%, respectively. They 
concluded that some individuals with IBS have symptoms 
depending upon malabsorption of  carbohydrates present 
in apple juice, pear nectar and may improve with cor-
rect choices of  fruit juice. Moreover, in a recent study by 
Wilder-Smith et al[82], it was observed that intolerance due 
to fructose intolerance was more frequent than lactose 
intolerance in all subgroups of  functional gastrointestinal 
disorders. However, in an IBS-constipation subgroup, lac-
tose intolerance was found to be more common. Table 2 
summarizes the incidence of  lactose intolerance reported 
in IBS patients by various authors.

FRUCTOSE INTOLERANCE AND IBS
It has been advocated that fructose malabsorption was 
present in 36% of  European population[83]. The symp-
toms include both intestinal complaints as well as extrain-
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testinal symptoms such as depression[84]. In studies with 
an uncontrolled diet, occurrence of  malabsorption due to 
fructose was higher in IBS patients (30%-70%[85,86]) than 
in healthy subjects (0%-50%[87,88]). However, no differ-
ence was observed in a diet controlled study[89]. Goldstein 
et al[78] reported that, among patients with IBS or func-
tional abdominal complaints, 44% suffered from fructose 
malabsorption based on consumption of  50 g fructose, 
and 56%-60% improved on a low-fructose diet. Improve-
ment with a fructose-reduced diet has also been observed 
in other uncontrolled studies[90,91]. The association be-
tween IBS and fructose malabsorption is thus far from 
settled. Most likely, the diverging data can be explained 
by the fact that there is no general agreement on the 
criteria for diagnosis of  fructose malabsorption. Finally, 
from a pathophysiological viewpoint, it would be matter 
of  concern to further determine response to a fructose-
restricted diet in IBS patients and the correlations with 
both the daily intake of  fructose and the fructose absorp-
tion capacity of  IBS patients. However, further studies 
are needed for validation. All data taken together indicate 
that fructose malabsorption should be kept in mind while 
managing IBS patients. A study by Reyes-Huerta et al[92] 
observed that 52% (13/25) IBS patients had fructose in-
tolerance compared with 16% (4/25) control subjects (P 
= 0.01). They concluded that intolerance in fructose may 
be responsible for gastrointestinal symptoms in at least 
half  of  IBS patients, especially in the group of  IBS-D 
patients. The pattern observed for fructose tolerance and 
intolerance using the fructose breath test is shown in Fig-
ure 6B.

80% of  functional bowel disease patients suffered 
from fructose malabsorption. However, few randomized 
controlled studies advocated that there is lower prevalence 
of  fructose malabsorption among IBS patients compared 
with healthy individuals[89,93]. The number of  patients in 
these studies was small, but there was general agreement 
that IBS patients reported more frequently. This again 
highlights the problem with identifying specific diagnostic 

criteria with both positive breath test and symptoms for 
practical working definition. Effect of  dietary treatment 
for fructose malabsorption in IBS patients is also very 
significant. Fernández-Bañares et al[94] reported that after 
fructose-free diet, symptom improvement was present at 
1 mo and 12 mo in 81% and 76% of  patients with Rome 
Ⅱ criteria of  functional abdominal bloating and gas-re-
lated symptoms. Shepherd and Gibson[95] advocated that 
77% patients improved with restriction in diet. Better re-
sponse was seen in in those that were adherent (85%) to 
diet restriction than non-adherent (36%). Another study 
on dietary restriction by Choi et al[91] observed significant 
improvement in belching, pain, fullness, bloating, diarrhea 
and indigestion with diet. However, Berg et al[96] observed 
that the fructose breath test did not discriminate between 
patients with and without a response to a diet restricted 
with fructose. Even in the group with a negative fructose 
breath test, a significant improvement in symptom scores 
was observed. A summary of  fructose intolerance in IBS 
patients is presented in Table 3.

SORBITOL INTOLERANCE AND IBS
Sorbitol is not completely absorbed and lead to osmotic 
diarrhea if  large amounts (20-50 g) are ingested. A posi-
tive breath test can be seen observed with a dose as small 
as 5 g in healthy subjects. Most participants experienced 
mild gastrointestinal symptoms after 10 g of  sorbitol 
but after 20 g severe gastrointestinal symptoms[97]. In 
this method, H2 or CH4 are measured in end-expiratory 
breath samples every 30 min for 4 h. An increase ≥ 20 
ppm in 2 consecutive readings is considered a positive 
test. 

FRUCTOSE AND SORBITOL AS 
SUBSTRATE FOR IBS SYMPTOMS
Small bowel transit is accelerated due to mixture of  
fructose (25 g) and sorbitol (5 g)[98]. Precise mechanism 
of  this phenomenon is not known but there is some 
evidence that bacterial fermentation products may lead 
to activation of  feedback pathways that play a role in 
regulation of  gut motility[99]. Limited data have suggested 
that SIBO and fructose malabsorption might have a bi-
directional cause and effect relationship. On one hand, 
fructose may cause survival of  intestinal bacteria in distal 
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Table 2  Lactose Intolerance in irritable bowel syndrome 
patients using lactose breath test

Year        Ref. % age of lactose 
intolerance

Number of 
patients

1994 Corazza et al[50] 34.4     32
1994 Tolliver et al[64] 25.8   186
1998 Vesa et al[63] 23.0 1122
2001 Böhmer et al[56] 24.3     70
2001 Rana et al[54] 82.0     11
2002 Moukarzel et al[81] 32.0     28
2004 Vernia et al[55] 75.6   475
2006 Alpers et al[61] 45.0   150
2007 Gupta et al[66] 72.0   124
2009 Rana et al[72] 50.0   154
2009 Corlew-Roath et al[74] 33.0     66
2012 Knudsen et al[67] 64.7   406
2013 Zhu et al[68] 53.8   277
2013 Yang et al[69] 47.0     60
2013 de Roest et al[105] 37.8     90

Table 3  Fructose Intolerance in irritable bowel syndrome 
patients using fructose breath test

Year         Ref. % age of fructose 
intolerance

Number of 
patients

1986 Rumessen et al[87] 40.0   10
2000 Goldstein et al[78] 44.0   94
2003 Choi et al[85] 73.0 183
2010 Reyes-Huerta et al[92] 52.0   25
2013 de Roest et al[105] 75.6   90
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small intestine as easily available metabolic substrate for 
the synthesis of  fructans as adherence factors. There 
is no direct evidence supporting or rejecting that these 
events occur in distal small intestine. By eliminating all 
potential metabolic substrates for bacteria by feeding 
patients with an elemental diet resulted in loss of  fea-
tures of  SIBO along with improvement in symptoms of  
IBS[100]. On the other hand, patients with presumed SIBO 
abolished fructose malabsorption when treated with anti-
biotics along with reduction in associated symptoms[79].

Recently, Yao et al[101] observed that sorbitol was com-
pletely absorbed by similar proportion of  IBS patients 
(40%) and healthy subjects (33%). Although IBS patients 
absorbed more mannitol (80% vs 43%). Production of  
breath H2 was similar in both groups after lactulose but 
it reduced in IBS patients after ingestion of  both polyols. 
Overall GI symptoms significantly increased after con-
sumption of  both polyols in IBS patients only. However, 
symptoms were independent of  malabsorption of  both 
polyols.

Thus,data in literature shows possible association be-
tween fructose, sorbitol and lactose malabsorption with 
IBS, suggesting that an exclusion of  appropriate carbo-
hydrate from diet may improve symptoms in IBS patients 
who have positive breath test with respect to that specific 
carbohydrate.However, need for breath testing to recog-
nize individuals with specific carbohydrate malabsorption 
prior to dietary changes has been debated. 

D-XYLOSE INTOLERANCE AND IBS
When D-xylose is absorbed incompletely, enteric bacteria 
metabolize the non-absorbed D-xylose in the colon, or 
in the small bowel with bacterial overgrowth, yielding H2, 

which can be measured in the breath. The direct measure-
ment of  breath H2after oral intake of  D-xylose avoids 
necessity of  using radioactive tracers[14]. Most breath H2 
is formed in colon due to carbohydrate fermentation 
by the indigenous flora, which allows measurement of  
intestinal transit[102]. Increased rates of  H2 production oc-
cur in small intestine when bacterial overgrowth is pres-
ent. Study by Lembcke et al[103], showed that H2 breath 
test with 25 g D-xylose was of  no clinical relevance for 
diagnosis of  celiac sprue. D-xylose tests were indicative 
of  the IBS in 5 out of  10 (50%) patients. However, the 
diagnostic impact of  this needs further investigation.

FERMENTABLE OLIGOSACCHARIDES, 
DISACCHARIDES, MONOSACCHARIDES 
AND POLYOLS IN IBS
It is apparent from the available literature that the con-
sumption of  fermentable oligosaccharides, disaccha-
rides, monosaccharides and polyols (FODMAPs) may 
result in symptoms in some IBS patients. In a study by 
Ong et al[104], breath test was performed after intake of  a 
FODMAP diet. They observed that over the entire day 

with high FODMAP diet in volunteers and IBS patients, 
increased levels of  H2 breath was produced. However, 
breath CH4 were reduced in 10 healthy subjects but not 
in patients of  IBS. Thus, they concluded that FODMAPs 
in diet induce increased H2 production in intestine, influ-
ence CH4 production and thus, induce gastrointestinal 
symptoms in IBS patients. Similar observations were 
seen in a recent study by de Roest et al[105]. Fructose mal-
absorption (75.6%), lactose malabsorption (37.8%) and 
SIBO (13.3%) was present in patients in this study. 75.6% 
patients who were adherent to diet, showed improve-
ment in IBS symptoms. They further concluded that diet 
with less FODMAP is better for IBS patients. Thus, the 
current techniques of  testing breath and dietary advice 
forms a good basis to manage IBS patients. 

The patterns observed for sorbitol and D-xylose 
intolerance during respective breath tests are shown in 
Figure 6C and D, respectively.

CH4 IN IBS PATIENTS
In humans, CH4 is mostly produced by Methanobrevibacter-
smithii (M. smithii) as a result of  the conversion of  4 mol 
H2 and 1 mol CO2 to 1 mol CH4, competing for H2 with 
sulfate reducing bacteria. This process occurs mainly in 
the left colon[106,107]. It is an important reason for measur-
ing both gases by breath tests (Figure 7). There is proof  
of  slow transit time in CH4 producers[108]. In one study, 
it has been reported that mean of  transit time in CH4 
producers was 84.6 h and in non-producers was 48.6 h. 
Thus, indicating that some association may exist between 
delayed gut motility and CH4. 

CONSTIPATION-DIARRHEA-CH4: ANY 
RELATIONSHIP?
Studies have advocated that production of  CH4 and 
constipation are strongly related. A study[109] showed 
that when patients with constipation and increased CH4 
production at fasting state and after intake was glucose 
were treated with rifaximin, their breath CH4 levels were 
reduced and constipation symptoms were also improved.
CH4 excretion mean was found to increase along with 
reduction in bowel movements in C-IBS patients using 
lactulose H2 breath test[110,111]. However, apprehension 
remains as to whether CH4 causes constipation or rather 
is result intestinal hypomotility. In contrast, patients suf-
fering from diarrhea generally have higher excretion of  
breath H2, during fasting state and after glucose intake[13]. 
CH4 was observed to be associated with presence and 
degree of  constipation in a study on 87 patients of  
IBS. 24% (20/87) produced CH4 in lactulose H2 breath 
test[112]. In a study by Kajs et al[113] it was found that low 
CH4 producers had a significantly higher breath H2 than 
high CH4 producers on consumption of  basal diet and 
after ingestion of  sorbitol (27.1 ± 2.7 ppm vs 15.8 ± 3.6 
ppm) or oat fiber (13.1 ± 0.08 ppm vs 9.6 ± 1.2 ppm). 
Low producers of  CH4 showed extremely increased 
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cramping and bloating after ingestion of  sorbitol and in-
creased bloating after fiber ingestion. However, high CH4 
producers showed no such symptoms. Thus, they con-
cluded that methanogenic flora is linked with decreased 
symptomatic response to ingestion of  non-absorbable, 
carbohydrates in healthy individuals. This indicates that 
normal flora manipulation could be of  therapeutic value 
in non-methanogenic IBS patients.

Experiments in animals[114] have also suggested an ac-
tive role for CH4 in affecting intestinal motility, while oth-
er human investigations have shown that slow transit may 
facilitate growth of  methanogenic bacteria[115,116]. How-
ever, it cannot be excluded that methanogenic organisms 
lead to constipation indirectly through the modification 
of  the luminal environment, by producing active sub-
strates or by competing with other bacterial species[117-119]. 
Recent study has advocated that degree of  CH4 produc-
tion in breath testing may be related to constipation in 
IBS patients. Therefore, CH4 testing may be useful for 
identification of  candidates with constipation for anti-
biotic treatment to pacify IBS symptoms[120]. Moreover 
in a Spanish study[121], it was observed that patients of  
IBS who had low production of  H2 were 6 times more 
frequently constipated in lactulose breath test.In another 
study on subjects of  IBS by Pimentel et al[114], fasting mo-
tility index in CH4-producing subjects was significantly in-
creased compared with H2-producing subjects. Testing of  
H2 alone overlooks the importance of  CH4 as a fermen-
tation product[119]. 30%-50% of  human population are 
producers of  CH4. Synthesis of  CH4 mostly consumes 
large amounts of  H2, this may waiver diagnostic accuracy 
of  breath testing when alone H2 is considered[122]. In a 
similar study by Lasa et al[123], it was observed that patients 
having low level of  breath H2 excretion after lactulose 
ingestion had significantly greater abdominal bloating 
than those with increased level of  breath H2 excretion. 
Kim et al[124] further observed in C-IBS patients with CH4 
on breath testing, M. smithii is predominant methanogen.
They reported that number and proportion of  M. smithii 
in stool is well correlated with breath CH4 in their study.

It is apparent from the above-mentioned literature 
that CH4 should also be measured during breath testing 
in IBS patients so that manipulation of  gut flora can be 
performed in these patients.

RECOMMENDATIONS FOR USE OF 
BREATH TESTS FOR IBS PATIENTS 
On the basis of  this review, it is apparent that breath tests 
are useful for the management of  IBS patients: (1) breath 
tests can be useful in evaluating diarrhea, constipation, 
functional bloating and suspected malabsorption in IBS 
patients; (2) Breath test analyzing both H2 and CH4 has 

been shown to be of  more importance than breath test 
using only H2 measurement for carbohydrate malabsorp-
tion and SIBO diagnosis; (3) GBT is a better diagnostic 
test for SIBO than the lactulose breath test, which gives 
false positive results; (4) breath tests are non-invasive, 
simple and safe alternatives to more invasive procedures 
such as obtaining aspirates for culturing and/or biopsies; 
(5) some errors may exist. In carbohydrate malabsorption 
false positive tests for SIBO may occur due to colonic 
fermentation and production of  gas. In gastrointestinal 
motor disorders, delayed gastric emptying may cause 
false negative tests, and rapid transit through small bowel 
may result in false positive breath tests; (6) false positive 
results may also occur if  the subject does not adhere to a 
low fiber diet the day before the test. Thus, patient is ad-
vised to reduce fiber intake prior to test, as this will effect 
a significant reduction in H2 production in the intestine, 
thus creating better testing environment; (7) accurate 
results are also not obtained if  the patient has taken anti-
biotics, which change intestinal flora and are thus avoided 
within 4 wk prior to testing; and (8) laxatives and enemas 
also result in decreased transit time through the intestine, 
leading to reduced time for bacterial fermentation or loss 
of  bacteria producing H2 or CH4. 

CONCLUSION
This review summarizes the use of  breath tests, not only 
to direct about dietary interventions but they also to 
provide prognostic information. These breath tests can 
help in the diagnosis of  SIBO and carbohydrate malab-
sorption in IBS patients. Further studies analyzing H2 
and CH4 concentrations in breath samples may improve 
diagnostic criteria for carbohydrate malabsorption in IBS 
patients. Moreover, area-under-the-curve analysis of  the 
change in H2/CH4 concentration in breath samples over 
time after administering lactulose as a substrate may in 
future help to analyze the bacterial level in the bowel. 
Breath testing is also a useful to the low-FODMAP 
diet in IBS patients. In most cases of  food intolerance, 
diagnosis is difficult. Thus, breath testing provides ac-
curate, reliable and a non-invasive measure of  absorption 
of  a test sugar by assessment of  breath H2/CH4 levels.
Breath tests are performed to determine whether fruc-
tose and/or lactose and/or sorbitol are FODMAPs for 
an individual who has IBS symptoms. Thus, it can be 
shown whether an individual can or cannot completely 
digest fructose, lactose and sorbitol. This can be helpful 
to patients as well as physicians to formulate a particular 
diet which may help to reduce gastrointestinal symptoms 
present in IBS patients.
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