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 THE SPECTRUM OF CARBOHYDRATES IN THE DIET 
 Carbohydrates are classi! ed according to the degree of polym-
erization (the number of component molecules) and the char-
acteristics of the majority of carbohydrates found in the diet are 
described in  Table 1 . " e type of bond that exists between the 
component molecules is either  α  or  β , and these bonds are impor-
tant as they a# ect structure and / or digestibility ( 1 ). As discussed 
below, digestibility and subsequent small intestinal absorption of 
monosaccharides are important, as nearly all short-chain carbo-
hydrates are readily fermented by intestinal bacteria and some 
have prebiotic e# ects, which has led to their putative nutraceuti-
cal use as food additives. Polysaccharides are discussed in another 
technical review ( 2 ).   

 ALTERING CARBOHYDRATE INTAKE AS 
A TREATMENT FOR FUNCTIONAL 
GASTROINTESTINAL DISORDERS 
 Food intolerance has long been thought to have a role in the 
genesis of symptoms of irritable bowel syndrome (IBS)     and 
carbohydrates have been the major target of dietary modi! -
cation for functional gut symptoms. Abdominal symptoms 

have been speci! cally induced following challenges with sugar 
(lactose or fructose), sorbitol, and oligosaccharides (fructans) 
alone or in combination ( 3 – 17 ). Exclusion diet-rechallenge 
methodologies applied to patients with IBS have identi! ed foods 
comprizing large content of wheat and other grains as frequent 
culprits in inducing symptoms ( 18 – 20 ). When food-speci! c 
Immunoglobulin G was used in an attempt to identify the origin 
of food intolerance in 150 patients with IBS, wheat was restricted 
in a half (together with multiple other foods) ( 21 ). " ere has been 
a profusion of diets published in the lay press, in medical litera-
ture, or on the internet that principally target carbohydrate intake 
in its amount and or type. Some key characteristics for the best 
known diets as published are described in  Table 2 . It should be 
noted that only some of these dietary approaches were speci! -
cally targeted to functional gut symptoms in their initial descrip-
tions, though most have been applied in patients with functional 
gastro intestinal disorder (FGID)     by medical and alternative health 
practitioners, and by the individuals themselves as their descrip-
tions are readily available on the internet and in other published 
sources. " e rationale for some of the diets, such as the speci! c 
carbohydrate, paleolithic, and anti-candida diets is largely non-
evidence based, predominantly relying on anecdotal experience. 

                                   Short-Chain Carbohydrates and Functional 
Gastrointestinal Disorders    
  Susan J.       Shepherd  ,   BAppSci, MND, PhD   1        ,     Miranda C.E.       Lomer  ,   RD, PhD   2       and     Peter R.       Gibson  ,   MD, FRACP   3                 

 Carbohydrates occur across a range of foods regularly consumed including grains such as wheat and rye, vegetables, 
fruits, and legumes. Short-chain carbohydrates with chains of up to 10 sugars vary in their digestibility and 
subsequent absorption. Those that are poorly absorbed exert osmotic effects in the intestinal lumen increasing 
its water volume, and are rapidly fermented by bacteria with consequent gas production. These two effects alone 
may underlie most of the induction of gastrointestinal symptoms after they are ingested in moderate amounts via 
luminal distension in patients with visceral hypersensitivity. This has been the basis of the use of lactose-free diets 
in those with lactose malabsorption and of fructose-reduced diets for fructose malabsorption. However, application 
of such dietary approaches in patients with functional bowel disorders has been restricted to observational 
studies with uncertain effi cacy. As all dietary poorly absorbed short-chain carbohydrates have similar and additive 
effects in the intestine, a concept has been developed to regard them collectively as FODMAPs (fermentable 
oligosaccharides, disaccharides, monosaccharides and polyols) and to evaluate a dietary approach that restricts 
them all. In patients with irritable bowel syndrome, there is now an accumulating body of evidence, based on 
observational and comparative studies, and on randomized-controlled trials that supports the notion that FODMAPs 
trigger gastrointestinal symptoms in patients with functional bowel disorders, and that a diet low in FODMAPs offers 
considerable symptom relief in the majority of patients who use it.  
   Am J Gastroenterol  2013; 108:707–717;  doi: 10.1038/ajg.2013.96; published online 16 April 2013         
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" e major issues with these diets are that they markedly inter-
fere with food choice, altering not only carbohydrate intake, and 
potentially can impair nutritional adequacy, although this aspect 

has not been speci! cally studied ( 22 ). However, they appear to be 
poor long-term options for a chronic condition such as FGID and 
are not widely supported in standard clinical practice. 

   Table 1 .    Classifi cation of the main carbohydrates present in the diet and their small intestinal absorption or hydrolysis   

    Class    Subgroup    DP    Name    Constituent monosaccharide  
  Absorption / hydrolysis 
in small intestine  

   Sugars           

     Monosaccharides  1  Glucose  NA  Active absorption (rapid) 

         Fructose  NA  Active absorption (slow 
in excess of glucose) 

         Galactose  NA  Active absorption (rapid) 

         Xylose  NA  Passive absorption 

         Arabinose  NA  Passive absorption 

              

     Disaccharides  2  Sucrose  Glucose    +    fructose  Hydrolyzed 

         Lactose  Glucose    +    galactose  Hydrolyzed (if lactase 
activity) 

         Maltose, isomaltose  Glucose    +    glucose  Hydrolyzed 

         Trehalose   α -glucose    +     α -glucose  Hydrolyzed 

   Polyols           

     Polyols (sugar 
alcohols) 

 1  Sorbitol, mannitol, lactitol, xylitol, 
erythritol, maltitol, and isomalt 

 NA  Passive absorption 

   Oligosaccharides           

     Malto-oligosaccharides 
( α -glucans) 

 3 – 9  Maltodextrin  Glucose  Hydrolyzed 

     Non- α -glucan (non-
digestible oligosac-
charides (NDO) 

 3 – 4  Galacto-oligosaccharides (GOS)  
     •    Raffi nose  
     •    Stachyose 

 One fructose, one glucose and one galactose  
 one fructose, one glucose and two galactose 

 No hydrolysis 

       3 – 10  Fructo-oligosaccharides (FOS)  Fructose polymer (glucose terminal end)  No hydrolysis 

           <    10  Isomalto- (soybean) 
oligosaccharides (IMO) 

 Glucose with other monosaccharides  Partly hydrolyzed only 

       2 – 4  Xylo-oligosaccharides (XOS)  Xylose   

   Polysaccharides           

     Starch ( α -glucan)      >    10  Amylose, amylopectin, modifi ed 
starches 

 Glucose polymer linked with  α -glycosidic 
bonds 

 Hydrolysis except for 
resistant starch 

     Non-starch 
polysaccharides 

     >    10  Cellulose (e.g.,  β -glucan)  Glucose polymers linked with  β -glycosidic 
bonds 

 No hydrolysis 

           >    10  Hemicellulose (e.g., 
arabinoxylans) 

 Always xylose and can include glucose, man-
nose, galactose, rhamnose, and  L -arabinose) 

 No hydrolysis 

           >    10  Pectin  Rhamnose with  L -arabinose, galactose, xylose  No hydrolysis 

           >    10  Fructans (e.g., inulin)  Fructose polymer (glucose terminal end)  No hydrolysis 

           >    10  Plant gums and mucilages  hexose, methyl pentose and pentose sugars 
joined by glycosidic linkages to uronic acid 
residues 

 No hydrolysis 

           >    10  Hydrocolloids (e.g., xanthan 
gum, gum Arabic, guar gum) 

  Xanthan Gum:  fermentation of glucose, 
sucrose, or lactose by bacteria   
 Gum Arabic: polysaccharides    +    glycoproteins   
 Guar gum:  galactose and mannose 

 No hydrolysis 

       12  Polydextrose  Glucose polymer    +    sorbitol (10 % )  Hydrolyzed 

     NA, not applicable.   
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 Food intake, Symptoms in FGID: Short-Chain Carbohydrates 

  Table 2 .    Comparison of rationale evidence and dietary restrictions in published diets aimed at alteration of carbohydrate intake   

    
  Specifi c 
carbohydrate     Anti-candida     Paleolithic   

  Low 
carbohydrate    Lactose-free    Fructose-free    Low FODMAP   

   Target 
population 

 IBS and IBD  All ill-health  IBD and FGID  Weight, body 
fat and glucose 
control, cardio-
vascular disease, 
other 

 Diarrhea, IBS  Functional gut 
symptoms, IBS 

 Functional gut 
symptoms, IBS 

   Rationale  Some carbohydrates 
lead to overgrowth of 
harmful bacteria (and 
waste and irritants 
they produce) in the 
gut so that di- and 
poly-saccharides 
cannot be digested 
properly and the gut 
cannot heal 

 Overgrowth of 
various species 
of candida, 
leads to  “ bowel 
troubles ”  

 Modern diet 
creates altered 
patterns of gene 
expression that 
lead to disease. 
Modern foods 
foreign to our 
genome that 
evolved on a 
Paleolithic diet. 

 Eating too many 
carbohydrates 
(especially 
refi ned) leads 
to blood sugar 
imbalances, 
weight gain and 
cardiovascular 
problems 

 Osmotic effect 
of malabsorbed 
lactose in people 
with presumed or 
measured lactase 
insuffi ciency 
induces diarrhea 
or IBS symptoms 

 Poorly 
absorbed 
fructose exerts 
an osmotic 
effect and is 
fermented 
leading to 
diarrhea and 
bloating 

 All osmotically active 
poorly absorbed sub-
strates that are rapidly 
fermentable will lead 
to luminal distension 
in distal small bowel 
and colon with sub-
sequent induction of 
pain, bloating and / or 
altered bowel habit 

   Evidence-
base in 
FGID 

 Nil  Nil  Nil  Observational 
evidence only of 
very low CHO diet 
in IBS-D (78) 

 Effi cacy in 
lactose-induced 
diarrhea but 
not IBS 

 Observational 
evidence only 
of effi cacy in 
IBS and func-
tional bloating 

 Effi cacy in observa-
tional, comparative 
and RCT rechallenge 
studies 

   Dietary 
principle 

 Restricts the use of 
complex carbohy-
drates and eliminates 
refi ned sugar, all 
grains, legumes and 
starches 

 Prohibits intake 
of sugar and 
most other 
sweeteners, 
sweet fruits, 
yeast-containing 
baked foods, 
mushrooms, 
fermented 
products 

 Based on pre-
sumed ancient 
diet of wild plants 
and animals 
habitually con-
sumed during the 
Paleolithic era 
with development 
of agriculture 

 Limits foods high 
in carbohydrates. 
Replaces with 
foods with higher 
 %  protein and 
fat. Degree of 
carbohydrate 
restriction varies 
( “ low ” ,  “ very 
low ” ,  “ ultra-low ” ) 

 Restrict dietary 
intake to less 
than 4   g lactose 
per serve, as 
small amounts 
of lactose (    <    4   g) 
usually well 
tolerated 

 Apparently 
completely 
restrict all 
sources of 
fructose 

 Replace with foods 
containing more than 
threshold amount of 
poorly absorbed short-
chain carbohydrates 
with suitable alterna-
tives containing well 
absorbed short-chain 
carbohydrates 

   Published 
dietary detail 

 Comprehensively 
described 

 Comprehensively 
described 

 Comprehensively 
described 

 Comprehensively 
described 

 Comprehensively 
described 

 Not defi ned 
 –  “ fructose-
free ”  

 Comprehensively 
described 

   Sugar 
(sucrose) 
permitted 

 No  No  No (honey 
allowed) 

 No  Yes  Unlikely  Yes 

   Refi ned car-
bohydrates 
permitted 

 No  No  No  No  Yes  Unclear  Not wheat, barley 
or rye 

   Whole-grain 
carbo-
hydrates 
permitted 

 No  Not if contains 
yeast 

 No  No  Yes  Unclear  Not wheat, barley 
or rye 

   Legumes 
permitted 

 No  Yes  No  No  Yes  Unclear  No 

   Fruit 
permitted 

 Yes  Not dried, juices 
or sweet fruits 

 Berries and wild 
fruits 

 Berries, citrus  Yes  Unlikely  Many but not stone 
fruit, apples, pears, 
watermelon, mangoes 

   Starchy 
vegetables 
permitted 

 No  Yes  Yes (roots and 
tubers) 

 No  Yes  Unclear  Yes (sweet potato in 
moderation) 

   Non-starchy 
vegetables 
permitted 

 Yes  Yes  Yes (plant leaves, 
seaweed, sea 
grasses) 

 Yes  Yes  Unclear  Some but not onion, 
leek, garlic, artichoke, 
spring onion, mush-
rooms caulifl ower 

   Dairy foods 
permitted 

 Only hard cheeses 
and homemade 
yoghurt 

 None except for 
live yoghurt 

 No  Hard cheeses, 
others vary 

 All except lac-
tose-containing 

 Likely  All except lactose-
containing 

     CHO, carbohydrate; FGID, functional gastrointestinal disorder; FODMAP, fermentable oligosaccharides, disaccharides, monosaccharides and polyols; IBD, infl amma-
tory bowel disease; RCT, randomized controlled trial.   
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 A more pathogenically oriented approach has been to target 
speci! c short-chain carbohydrates, alone or in various combina-
tions. " us, lactose alone, fructose (alone or in combination with 
sorbitol), and combinations of multiple, a diet low in fermenta-
ble oligosaccharides, disaccharides, monosaccharides and polyols 
(FODMAPs) have been restricted in patients with IBS, as dis-
cussed in detail below. " e basis of such dietary approaches is the 
observation that, in a proportion of patients, ingestion of these 
short-chain carbohydrates induces IBS-like symptoms and their 
dietary restriction can improve IBS symptoms. One physiological 
feature common to these molecules is their potential to be poorly 
absorbed in the small intestine.   

 SMALL INTESTINAL ABSORPTION OF SHORT-CHAIN 
CARBOHYDRATES 
 Only monosaccharides (with the chemical structure of a hexose) 
can be absorbed across the small intestinal epithelium. " us, dis-
accharides and oligosaccharides must be hydrolyzed to their con-
stituent hexoses for absorption to occur. As shown in  Table 1 , the 
main dietary  disaccharides , sucrose, lactose, maltose, isolmaltose 
and trehalose, are all hydrolyzed by the activity of their respective 
hydrolases expressed by small intestinal epithelial cells to yield 
hexoses, glucose, galactose, and fructose. Lactase is the only disac-
charidase that is commonly de! cient in its activity with the subse-
quent maldigestion and delivery of lactose to the microbiota of the 
distal small and proximal large intestine. In contrast, of the dietary 
 oligosaccharides , only malto-oligosaccharides ( α -glucans, for exam-
ple, starch) are hydrolyzed in the small intestine. " e non  α -glucan 
oligosaccharides are also referred to as non-digestible oligosaccharides 
because the mammalian intestine does not synthesize hydrolases for 
galacto-oligosaccharides, fructo-oligosaccharides (FOS), isomalto- 
(soybean) oligosaccharides and xylo-oligosaccharides. Hence, non-
digestible oligosaccharides are not digested and pass unaltered to the 
microbiota of the distal small intestine and proximal large intestine. 

 Dietary  monosaccharides  vary in their absorption. Glucose and 
galactose each have speci! c transporter-mediated uptake mecha-
nisms, which are e$  cient and rapid, such that complete absorption 
occurs in the proximal small intestine. As recently reviewed ( 23 ), 
fructose has two absorptive pathways — a low-capacity glucose-
independent facilitated transport via the GLUT5 transporter 
and a high-capacity glucose-dependent fructose cotransport via 
the GLUT2 transporter. " is dual system implies that fructose is 
absorbed with di# erent e$  ciencies depending upon the concur-
rent presence of glucose. " us, in the presence of at least equimolar 
concentrations of glucose, fructose is rapidly absorbed in the prox-
imal small intestine, but fructose in excess of glucose (also referred 
to as  “ free fructose ” ) is slowly absorbed right along the small intes-
tine. If there is rapid small intestinal transit or if the capacity of the 
GLUT5 transporter is low, the fructose is malabsorbed, a physi-
ological phenomenon that is present in about one in three adults. 
Two other dietary hexoses are xylose and arabinose, both of which 
are passively absorbed ( 24 ). " e implication of this is that only a 
proportion of ingested xylose (and presumably arabinose) will be 
absorbed and this will be reduced if small intestinal transit is fast. 

  Polyols  including sorbitol, mannitol, lactitol, xylitol, erythritol, 
maltitol, and isomalt are also believed to be absorbed by passive 
di# usion. " e rate of absorption relates to the molecular size ( 25 ); 
di# usion occurs across pores in the epithelium and the size of 
the pores varies along the small intestine, with larger pores being 
present proximally ( 26 ). Transit time and dose will in% uence the 
degree of absorption    , as will the presence of mucosal disease, such 
as celiac disease, where pore size is reduced. " e individual varia-
tion seen in the absorption of polyols is due to the variability in all 
of these factors ( 27,28 ). 

 " e ability of an individual to absorb an individual carbohydrate 
can be tested by breath hydrogen testing, the principle of which is 
that hydrogen will be produced and a rise is detected in the breath 
if the tested carbohydrate reaches fermenting bacteria before it can 
be digested / absorbed. Most commonly, lactose and fructose are 
tested, but the methodologies applied, including the dose used, are 
not standardized. " is is reviewed elsewhere ( 29 ).   

 MECHANISMS BY WHICH POORLY ABSORBED 
SHORT-CHAIN CARBOHYDRATES INDUCE GUT 
SYMPTOMS 
 Short-chain carbohydrates are relatively small molecules and 
as such will be osmotically active in the intestinal lumen. " is 
is of little consequence if rapidly absorbed as for glucose or 
rapidly digested then absorbed as for sucrose and lactose 
(where there is adequate lactase activity), but will increase small 
intestinal luminal water volume if poorly or slowly absorbed. 
" is has been demonstrated by the ability of short-chain carbohy-
drates to increase small intestinal luminal water volume ( 30,31 ) 
and for a diet increased in poorly absorbed short-chain carbo-
hydrates to increase ileal output in patients with a stoma ( 32 ). 
" ey are also rapidly fermented ( 33 ), which leads to the pro-
duction of the hydrogen, carbon dioxide, and methane gases. 
A high intake of them also preferentially favors the production 
of hydrogen over methane, the e# ect of which is to increase 
the gas volume per sugar molecule fermented ( 34 ). " e other 
major fermentation products are short-chain fatty acids, which 
themselves promote sodium and water absorption, and promote 
motility ( 35 – 37 ). 

 " e signi! cance of these two actions — increased luminal water 
retention and gas production — is that they will lead to luminal 
distension. A major a# erent pathway of sensation in the gut is via 
stretch receptors. " e presence of visceral hypersensitivity in the 
majority of patients with FGID sets the stage for such a# erent input 
to lead to sensations of bloating and pain and / or change in motil-
ity. " is concept was supported by the discordance of symptom 
induction following a fructose-sorbitol load in 44 %  of 70 patients 
with IBS compared with 4 %  of 87 matched healthy controls, despite 
similar prevalence of breath-hydrogen-detected malabsorption 
( 38 ). Limiting the degree of luminal distension and, therefore, the 
magnitude of the a# erent input from the stretch receptors should 
reduce gastrointestinal symptoms in patients with FGID. As out-
lined in  Figure 1 , this provides a rational mechanism for their 
modulating e# ects on gastrointestinal symptoms. 
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ingestion of milk are assessed by breath hydrogen response or rise 
in blood glucose a& er a large load of lactose (usually 50   g, equiva-
lent of one liter of milk). " ose with positive tests have been varia-
bly called as having lactose malabsorption or lactose maldigestion. 
" e latter term may be less accurate as lactose can be malabsorbed 
in association with small bowel bacterial overgrowth ( 44 ) without 
apparent reduced activity of lactase. " ose with malabsorption 
were then classi! ed as  “ intolerant ”  if symptoms developed during 
testing and placed on a lactose-free diet. However, the speci! city 
to lactose malabsorption of symptoms induced during such test-
ing appears to be low ( 45 ). While there appears little doubt that 
ingestion of a moderate dose of lactose in those with hypolactasia 
can induce transient gut symptoms, the key question is whether 
lactose malabsorption is the major basis for chronic gut symp-
toms in a proportion of patients. " is has been examined in a few 
ways. First, the prevalence of lactose malabsorption in patients 
with FGID, or IBS speci! cally, is similar to that in the healthy 
population. In a large study of non-hospital-based Caucasian 
patients, 25 %  of 201 patients with FGID and 20 %  of 94 with 

 Poorly absorbed short-chain carbohydrates also have other 
physiological e# ects, the mechanisms of which are yet to be 
explained. Ingestion of FOS alters esophageal motility with an 
increase in gastroesophageal re% ux ( 39 ). Diets enriched in these 
short-chain carbohydrates have induced tiredness in patients 
with IBS but not in healthy controls in a blinded randomized 
controlled trial ( 33 ) and at least fructose has been associated with 
depression in young women in small studies from one group 
( 40,41 ). Con! rmation that these are speci! c FODMAP-induced 
e# ects is required. Such observations raise questions about mech-
anisms of action, which may include e# ects on gut permeabil-
ity, production of toxic metabolites in colon ( 42 ) and / or altered 
tryptophan levels ( 43 ).   

 EFFICACY OF RESTRICTION OF POORLY ABSORBED 
SHORT-CHAIN CARBOHYDRATES IN FGID 
 Historically, carbohydrate malabsorption has been focussed mainly 
on lactose. Patients having gut symptoms temporally related to 

Small intestine

Large intestine

Gas production distends bowel

Water delivery

FODMAPs

a

b

c

  Figure 1 .         Features of the mechanisms of action of poorly absorbed short-chain carbohydrates (FODMAPs) for the development of gastrointestinal symp-
toms in FGID. ( a ) FODMAPs are poorly absorbed in the small intestine and arrive into the colon, populated with microbiota. ( b ) Their osmotic activity leads 
to increased water retention     within the lumen of the small and large bowel. ( c ) FODMAPs are substrates for colonic bacterial fermentation, resulting in the 
rapid production of gas and subsequent luminal distension.  
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IBS ful! lled breath hydrogen criteria of lactose malabsorption 
compared with 18 %  of 71 healthy controls ( 46 ). Second, factor 
analysis of two community cohorts of women found no correla-
tion of gastrointestinal symptoms of IBS with lactose intolerance, 
detected objectively ( 47 ). " ird, lactose-free diet in patients with 
IBS and positive tests for lactose malabsorption has had e$  cacy, 
albeit variable, but all studies are uncontrolled observations. For 
example, 100 %  of 17 Finnish patients had marked symptomatic 
relief with lactose restriction and this continued for 5 years in 14 
( 48 ), while 57 %  of 33 German patients ( 49 ), 44 %  of 110 compliant 
Italian patients, ( 50 ) and 39 %  of 23 British patients had marked 
improvement in symptoms ( 51 ). As there are IBS patients with 
symptoms of lactose intolerance without lactose maldigestion, this 
suggests lactose intolerance may be a coexistent condition and it is 
unlikely to explain the gastrointestinal symptoms in the majority 
of IBS patients. " is ! nding may be due to increased visceral sen-
sitivity and increased attentiveness to symptoms that are shared 
by IBS and lactose intolerance but this needs to be addressed in a 
randomized-controlled trial of lactose restriction in patients with 
IBS. " us, the dilemma of whether lactose intolerance is the major 
basis for gut symptoms in a proportion of patients erroneously 
diagnosed with IBS remains unresolved, with the main support-
ing data being observational. 

 A similar story has emerged for fructose. Fructose malabsorp-
tion has also been implicated as a potential trigger for symptoms in 
patients with FGID following the initial observation of improved 
diarrhea in four patients with fructose malabsorption following 
dietary restriction of fructose ( 5 ). Malabsorption of pure fructose 
has been well documented in variable but similar proportions of 
healthy and IBS populations, depending upon the dose of fruc-
tose and breath hydrogen test criteria used ( 23,46 ). For example, 
45 %  of 201 patients with FGID and 45 %  of 94 with IBS had fruc-
tose malabsorption a& er a 35   g load compared with 34 %  of 71 
healthy controls ( 46 ). Co-ingestion with sorbitol has an additive 
e# ect on breath hydrogen production, but fructose is completely 
absorbed when co-ingested with glucose at equimolar concentra-
tions ( 12,52,53 ). Combined challenges with 25   g fructose and 5   g 
sorbitol in 70 patients with IBS found positive breath hydrogen 
responses in 45 % , which was similar to 58 %  of 87 matched con-
trols ( 38 ). Observational studies have reported impressive symp-
tom improvement when patients with fructose malabsorption 
were treated with a  “ fructose-free diet ” . For example, 50 %  of 94 
patients with IBS and fructose malabsorption markedly improved 
with a  “ fructose-free ”  diet ( 6 ), 58 %  of patients with functional gut 
symptoms had durable bene! t over 5 years ( 54 ), and 67 %  of 26 
patients with fructose and / or lactose malabsorption and func-
tional bloating were completely or partly better a& er 12 months of 
a sugar-restricted diet (although data on those with fructose mal-
absorption alone was not provided) ( 55 ). Major limitations of the 
studies were that none were controlled and the details of the diet 
used were very limited. Further, it was uncertain whether the test 
diets were truly free of fructose, an almost impossible task, or if 
only foods in which fructose was present in excess of glucose were 
restricted. Both factors probably contributed to the poor general 
uptake of this approach in clinical practice. 

 " e most common non-digestible oligosaccharides in a Western 
diet, short-chain fructans (FOS), also induces functional gut symp-
toms in challenge experiments ( 56 ). A longer term observational 
study of restricting free fructose and fructans in 62 consecutive 
patients with IBS and fructose (but not lactose) malabsorption 
showed durable symptomatic bene! t across all symptoms of IBS 
in three out of four patients and a high adherence rate (77 % ) 
(ref. ( 57) ). E$  cacy was observed across both IBS-D and IBS-C. 
" is diet, then coined the  “ fructose malabsorption diet ” , was fully 
described and was based upon knowledge of food composition 
and physiological principles. A subsequent double-blinded rand-
omized, quadruple arm, placebo-controlled rechallenge trial was 
performed in 25 patients with IBS and fructose malabsorption 
who had responded to this diet. All food (low FODMAP) was pro-
vided to participants for 22 weeks ( 58 ). " ey consumed four test 
substances, fructose, fructans, fructose, and fructans, in amounts 
estimated to be equal to an average Australian intake, or the control 
carbohydrate, glucose, for 2 weeks in a randomized order with a 
washout in between each test substance. " e percentage of patients 
who reported negatively to a global symptom severity question was 
77 %  for fructans, 70 %  for fructose, 79 %  for fructose, and fructans, 
all greater than 14 %  for glucose ( P     <    0.002). " us, there was lit-
tle doubt that the e$  cacy of the dietary restriction resided in the 
reduction / elimination of fructose and fructans. 

 Based upon the concepts that all short-chain carbohydrates 
induced the same e# ects in the distal small and proximal large 
intestine and that their e# ects are additive (supported by combi-
nation challenge studies ( 17,56,59,60 ), this diet, using the same 
principles, was extended to include restriction of all classes of 
poorly absorbed short-chain carbohydrates, which were formally 
grouped together by the acronym, FODMAPs ( 61 ). Since then, the 
evidence-base for relief of functional gut symptoms by this more 
comprehensive dietary restriction, termed the  “ low FODMAP 
diet ” , has accumulated and will be described in more detail.   

 EVIDENCE-BASE FOR SYMPTOM PROVOCATION AND 
RESOLUTION BY DIETARY FODMAPS 
 Randomized-controlled evidence for the e$  cacy of the low FOD-
MAP diet in unselected patients with IBS (i.e., not restricted to 
those with fructose malabsorption) is accumulating. A rand-
omized single-blinded crossover food-based FODMAP challenge 
study was carried out in 15 IBS patients and 15 healthy subjects 
( 34 ). " e only gastrointestinal symptom induced in the healthy 
subjects during the high compared with low FODMAP dietary 
arm was % atulence ( P     =    0.007), whereas the patients with IBS had 
increased severity of IBS symptoms ( P     <    0.01 for all), in addition 
to worsening heartburn ( P     =    0.025) and tiredness ( P     =    0.012). 
In a comparative, non-randomized study in the UK, the low 
FODMAP diet was more e# ective than dietary guidelines from 
the UK National Institute for Health and Clinical Excellence ( 62 ) 
for symptom control in a series of consecutive patients referred 
for dietary management of their functional gut symptoms ( 63 ). 
Of the 43 patients receiving the low FODMAP dietary advice, 
76 %  reported satisfaction with their symptom response compared 
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or fermentation in general. Some FODMAPs have well established 
prebiotic activity (for example, FOS and galacto-oligosaccharide) 
that leads to the preferential growth of, for example, bi! dobac-
teria ( 67 ). As prebiotics are putatively associated with health-
promoting e# ects ( 68 ), a reduction of intake of FODMAPs might 
have longer term adverse consequences. A reduction of the 
proportion and concentration of bi! dobacteria in the feces has 
recently been demonstrated a& er 4 weeks of a dietician-taught low 
FODMAP diet compared with that of patients continuing their 
habitual diet in a randomized study ( 64 ). " ere is accumulat-
ing evidence that the gut microbiome is altered in IBS patients 
compared with healthy controls, with lower levels of bi! dobac-
teria ( 68 – 71 ). Exaggeration of this e# ect with the low FODMAP 
diet might aggravate the adverse health e# ects attributed to such 
a relative de! ciency of bi! dobacteria. However, restriction of 
FODMAPs is in order to target a physical index (symptoms) and 
not the proportion or levels of speci! c bacteria  per se . " ere are no 
clinical outcome data regarding whether such a de! ciency has any 
real detrimental e# ects. " is aspect of safety warrants prospective 
studies with clinical outcomes as end points. 

 Reducing fermentable substrates delivered to the colon in gen-
eral may, at least theoretically, have implications for colorectal car-
cinogenesis and colonic in% ammation. Factors associated with the 
colonic luminal microenvironment are almost certainly involved 
with carcinogenesis, For example, the exposure to butyrate is pro-
tective, phenols and cresols are potentially pro-carcinogenic and a 
lower luminal pH is believed to be protective ( 72,73 ). On the other 
hand, excessive fermentation in the proximal colon can be detri-
mental, at least in animal models, in terms of epithelial injury and 
susceptibility to in% ammation ( 74 – 77 ). To date, one randomized-
controlled trial in patients with IBS shows that a low FODMAP 
diet compared with habitual diet does not alter fecal pH or content 
of short-chain fatty acids a& er 4 weeks of intervention ( 64 ). " ere 
is no information on the e# ects of the low FODMAP diet on other 
components of the colonic microenvironment. 

 Modifying the intake of FODMAPs excludes a wide variety of 
foods and a change in food choice invariably a# ects the nutritional 
composition of the diet. " e nutritional adequacy of such a restric-
tive diet has, therefore, been investigated. A randomized controlled 
trial in patients with IBS showed that the dietary intake of carbo-
hydrates, starch and total sugars were lower following four weeks 
of FODMAP restriction vs. habitual diet ( 64 ). To some extent, this 
was expected due to the low FODMAP group being advised to 
reduce certain sources of carbohydrate-rich foods. Total energy, 
protein, fat and non-starch polysaccharide intakes were not dif-
ferent between the groups. Calcium intake was lower in the FOD-
MAP restricted group, which could be explained by a reduction in 
the intake of dairy products or measurement error due to the lack 
of comprehensive nutritional composition data for some lactose-
free products. To ensure nutritional adequacy of a low FODMAP 
diet, dietary advice should be tailored to ensure that calcium intake 
meets nutritional requirements and alternative sources of carbohy-
drate rich foods are made. " ese ! ndings support delivery of this 
complex dietary approach by a dietician experienced in teaching 
the low FODMAP diet.   

with 54 %  of 39 patients who received standard (National Institute 
for Health and Clinical Excellence guideline) advice ( P     =    0.038). 
" e low FODMAP diet also provided greater improvements in 
individual symptoms, including bloating, abdominal pain and 
% atulence, compared with standard advice. Of importance, a ran-
domized-controlled trial of a low FODMAP diet, with habitual 
diet as the comparator, con! rmed that 4 weeks of a low FOD-
MAP diet improves symptoms in 68 %  (13 / 19) of patients with 
IBS compared with 23 %  (5 / 22;  P     =    0.005) ( 64 ). Signi! cantly more 
patients in the low FODMAP group compared with the habitual 
diet group experienced a reduction in scores for bloating, borbo-
rygmi, urgency, and overall symptoms and reported lower stool 
frequency, and a greater proportion of stools with normal consist-
ency at 4 weeks. 

 " ere have also been observational studies that have positively 
reported the clinical e# ectiveness of a low FODMAP diet in non-
IBS patients who have functional gut symptoms. " is has included 
patients with quiescent in% ammatory bowel disease where >50 %  
of 72 patients described a clinically signi! cant bene! t across all 
bowel symptoms except constipation ( 65 ). " e frequency of pouch 
emptying or bowel actions in patients with ileorectal anastomosis 
were reduced in 15 patients without a colon ( 66 ). Likewise, the vol-
ume of ileostomy output was consistently reduced, albeit in a small 
cohort who were not troubled by large volume output ( 32 ).   

 PREDICTORS OF RESPONSE TO THE LOW FODMAP DIET 
 In observational studies, adherence to the diet is a strong predic-
tor of response. In a retrospective study ( 57 ), in which patient 
response was evaluated via a structured telephone interview 2 – 40 
(median 14) months a& er implementing the low FODMAP diet, 
patients reported a high adherence rate to the diet (77 % ), which is 
much greater than rates previously reported (26 – 56 % ) for dietary 
approaches restricting one or more malabsorbed carbohydrates 
( 5,55 ). Overall response was reported by 85 %  of patients adherent 
to the diet compared with 36 %  of those who were not. It could be 
suggested that the high adherence rate is related to the ongoing 
e$  cacy of the diet. Similar association of adherence to response 
was observed in patients with quiescent IBD ( 65 ). Several other 
factors, including higher education, working fewer hours, and 
using recommended cookbooks were identi! ed as predictors 
of response to the low FODMAP diet, all consistent with better 
understanding of and greater e# ort in adhering to the diet. " e 
pattern of bowel habits, whether diarrhea- or constipation-
predominant or mixed, has not been a predictor of response, but 
this has not been prospectively examined. Similarly, no studies 
have systematically or prospectively examined methods of teach-
ing (one-on-one vs. group vs. literature-based teaching, dietician 
vs. physician) to predict response.   

 SAFETY OF DIETARY FODMAP RESTRICTION 
 Altering food intake with the purpose of reducing fermentable 
substrates to the distal small intestine and colon potentially has 
implications for the health-promoting e# ects of speci! c substrates 
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 PRINCIPLES OF DIETARY MANAGEMENT 
 " e low FODMAP diet is relatively complex ( Table 3 ) and 
patients bene! t from being provided with an explanation of the 
mechanism of action ( 57,78,79 ). It involves the reduction, not 
complete avoidance, of FODMAPs in the diet. Foods have been 
classi! ed into high and low FODMAP content, and, therefore, 
knowledge of the FODMAP status of foods is an important 
skill for patient education. Low FODMAP foods that are suit-
able alternatives to foods high in FODMAPs are encouraged; for 
example, rather than completely restricting fruit, intake of high 
FODMAP fruit is reduced and intake of low FODMAP fruit is 
encouraged. 

 " e low FODMAP dietary education has two key components. 
First, all known or suspected types of FODMAP groups are strictly 
restricted from the patient ’ s diet, according to background food 
habits for a period of  ~ 6 – 8 weeks ( 57,78 ). " is allows the patient 
and provider to determine whether FODMAP restriction is ben-
e! cial. " ough most low FODMAP responders improve within a 
period of several weeks, extension of the broad exclusion period 
helps to build patient and provider con! dence that symptom relief 
is from the diet rather than coincidence. Secondly, patients are then 
taught to reintroduce individual FODMAPs to test their individual 
tolerance of each FODMAP via a series for food challenges ( 78,79 ) 
in order to avoid unnecessary over-restriction. It is important to 
note that the evidence-base for the low FODMAP diet has derived 
from experienced specialist gastrointestinal dieticians delivering 
the education in a one-to-one consultation. It is as yet uncertain 
whether equivalent e$  cacy can be achieved by self-teaching or 
other less structured methods. " e potential di# erences between 
the two learning methods are summarized in  Table 4 . 

 Breath hydrogen testing can be helpful to identify patients who 
completely absorb a moderate load of speci! c sugars. " is is par-
ticularly applicable to fructose and lactose where large variance of 
the absorptive capacity across individuals is evident. " is infor-
mation can then be helpful to indicate that it is less important to 
restrict dietary intake of these particular saccharides, potentially 
rendering the diet less restrictive.   

 GAPS IN UNDERSTANDING 
 " e low FODMAP diet has a growing body of evidence support-
ing its e$  cacy, although randomized controlled trials over longer 
periods of time and across broader populations are needed. 
Research to date has largely focused on functional bowel dis-
orders. " e role of FODMAPs in upper gut functional prob-
lems has had scant attention, although the observation that 
FOS increases gastroesophageal re% ux ( 39 ) and the increase 
in heartburn with a high compared with low FODMAP diet in 
patients with IBS in a short-term study ( 34 ) provide evidence that 
such a question is reasonable to ask. Whether the diet is purely 
one that avoids triggering symptoms or whether it might have 
bene! cial or detrimental e# ects on visceral hypersensitivity and 
other abnormalities of the enteric nervous system     has not been 
addressed. " e dietary intake of FODMAPs in patients with 
FGID has only been addressed in one study ( 51 ). " e Monash 
CNAQ (Complete Nutritional Assessment Questionnaire) 
has been developed and validated to enable semi-quantitative 

  Table 4 .    A hypothetical comparison of education in the low 
FODMAP diet as delivered by a trained dietician compared 
with that as a self-taught option via instruction sheets, books, 
or the internet   

      Dietician-delivered    Self-taught  

   Structure of education  Complex, requires 
detailed explanation 

 Haphazard unchecked 
access to information 

   Suitability of 
foods explained 
comprehensively 

 Focus on suitable 
foods not just 
problematic foods 

 Potential misinformation —
 lists on internet, out-of-date 
information 

   Risk of unnecessary 
over-restriction 

 Minimizes risk  Increases risk (e.g., failure 
to rechallenge) 

   Ability to attain 
nutritional adequacy 

 Ensures nutritional 
adequacy 

 Not monitored for nutritional 
adequacy 

   Personalized advice  Individualized  Not individualized 

     FODMAP, fermentable oligosaccharides, disaccharides, monosaccharides 
and polyols.   

  Table 3 .    Characteristics and sources of common FODMAPs   

   F  Fermentable    By colonic bacteria   

   O  Oligosaccharides  Fructans, galacto-oli-
gosaccharides 

 No absorption (no small 
intestinal hydrolyzes) 

 Wheat, barley, rye, onion, leek, white part of spring onion, garlic, 
shallots, artichokes, beetroot, fennel, peas, chicory, pistachio, 
cashews, legumes, lentils, and chickpeas 

   D  Disaccharides  Lactose   ↓  Digestion, therefore  ↓  
absorption in 10 – 95 %  

 Milk, custard, ice cream, and yoghurt 

   M  Monosaccharides   “ Free fructose ”  (fructose 
in excess of glucose) 

 Slow, active absorption —
 poor in  ~ 1 in 3 

 Apples, pears, mangoes, cherries, watermelon, asparagus, sugar 
snap peas, honey, high-fructose corn syrup, 

   A  And       

   P  Polyols  Sorbitol, mannitol, 
maltitol, and xylitol 

 Slow passive absorption  Apples, pears, apricots, cherries, nectarines, peaches, plums, 
watermelon, mushrooms, caulifl ower, artifi cially sweetened chewing 
gum and confectionery. 

     FODMAP, fermentable oligosaccharides, disaccharides, monosaccharides and polyols.   
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evaluation of the intake of FODMAPs on a population basis to 
be measured ( 80 ). " e application of such a tool may provide 
the missing information on whether excessive intake of FOD-
MAPs might underlie symptom genesis in some or many patients 
with FGID. 

 Any diet that aims to reduce one group of components will a# ect 
other dietary components with the potential to in% uence the same 
end point. " is is certainly the case with the low FODMAP diet as 
reduction of the intake of gluten (and other potentially symptom-
inducing cereal-related proteins) is anticipated in most patients as 
gluten-containing cereals are also the ones with high FODMAP 
content. Likewise, if lactose is avoided in a proportion of patients, 
then the intake of dairy-associated proteins may also be reduced. 
However, the Low FODMAP diet is neither gluten-free nor dairy-
free. " ere is little information available on the dose of gluten that 
can be tolerated in patients with non-celiac gluten sensitivity, but 
it is anticipated that milk protein sensitivities require complete 
avoidance to be e# ectively treated. While some patients who 
respond to the low FODMAP diet might possibly do so wholly 
or partly because of gluten or other protein reduction, there are 
currently no studies published that address this issue. On the con-
trary, many patients who believe they are gluten sensitive or wheat 
intolerant may indeed be improving their symptoms via reducing 
FODMAP intake. 

 " e low FODMAP diet is not a panacea for IBS or other FGIDs. 
Identi! cation of patient pro! les that predict dietary response is 
clinically important and needed. " e implementation of the low 
FODMAP diet using individual one to one dietician teaching is 
impractical in parts of the world where there are few trained dieti-
cians and is a relatively time-ine$  cient way of delivering a therapy 
to a large population. " e comparative e$  cacy of delivering the 
diet via, for example, group education, internet-based resources or 
printed material requires evaluation. Further studies are required 
to assess the longer term safety of the low FODMAP diet as out-
lined above. Finally, a very important factor in the use of the low 
FODMAP diet is to ensure accurate knowledge of local food com-
position. While there are data on FODMAP composition of foods 
from many countries worldwide ( 12,52,53,81 – 90 ), much is incom-
plete and methodologies are inconsistent. " is will require ongoing 
work evaluating indigenous foods speci! c to di# erent international 
locales. Fortunately, methods for the evaluation using enzymatic 
and high-performance liquid chromatography techniques are well 
described ( 91 – 94 ).   

 CONCLUSIONS 
 " e FODMAP concept has been supported by numerous data 
that provide a signi! cant link between food intake and symptoms 
in patients with FGID. While a complex concept for patients to 
grasp, the mechanisms of action are well understood and reduced 
FODMAP diets have resulted in symptom relief in the majority of 
adherent patients when taught by a trained dietician. Its applica-
tion among patients with FGID is justi! ed. Further research stud-
ies are warranted to expand our knowledge of applications and 
implications of its use.     
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